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Fig 211 Düfereni "dee de пет е af food 


lary contractions of the pharyngeal muscles 

| pushe the food materials into the oesopha- 

ee gus. Swallowing is difficult when the mouth 

н is open. The оние of the: epiplatitt and 
| glortls (the opening between the vocal : ca; 

L is part of the reflex т This clos 
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«vss 10 PORT ПУПС acid which subs 

«ilv enters ihe Krebs eri le lo be i ample 

ioxidised; like acids underen 
Әп 1o give cetyl COA which is | hen 
dized through the Kreb Similarly, 
ino acids are metabolised by deamination, 
moval of the amino group), tansamina- 
n (transfer of the amino group from one 
сше to another), and inlereonvertians. 
o losing the amino group by denminulion 
'irurnsamuination, the amino acid becomes 
Keto acid which may be oxidised through 
rebs cycle; the amino group removed irom 
we imino acid as ammonia or otherwise is 
hinged to urea by combination with СО, 
trebs cycle is a final common pathway for 
atabolism of all intermedintes, in which 
hey are broken down to CO, and hydrogen 
toms. The hydrogen atoms ше “oxidised 
o form water by a chain of Лане 
tad cytochromes present in е | Mg 
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ааа ене = MHF calories, Similarly, one 
mam Ol tat wells 9,5 keal and one gram 


ob protein 41 kcal, respectively, So, ful 
has an energy value about. twice that of 
protein or carbohydrates. The daily require 
ient of calories by a person depends largely 
on the living conditions, ie, the kind of 
work dono, ihe slate of health, the hulk 
ol the body, cic. На person lica quietly 
without much motion, he expends one 
calorie/hour/kg of body weight. For a person 
of the average weight of 50-60 kg. a total 
of 1200-1400 caloriesiday are seeded. The 







energy capended by an от T 
Wale de called baun metabolic rate : 


A person indulging in manual lubour T = ire 
about 3000-3500 calories. 7 


For normal growth and development, one 
must take а balanced diet, i.e, a diet com 
sisting of all classes of food in the right 

tio ‚ Ш normal nutrition is not avail- 
| lo a person, energy is obtained I 
н utilisation ef the stored food materials. 
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Respiratory System 






THE oxidation of food substances in the body 
to release energy is called respiration, The 
process includes exchange of gusen, oxygen 
and carbon dioxide between the body nnd 
the outside environment. The organs needed 
for dco ani exchange form the re 
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RESPIRATORY SYSTEM К 
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and and is transp lungs in that 
form. А gl greater amount of. CO 


ied ta the 
y Teacts 
ash water to form carbonic acid, particularly 
пабе КВС: bicarbonates formed from this 
carbonic acid are transported in the plasma 
ind RBC. From these complexes, CO, is 
given out in the lungs when blood is Xy. 
geaated there (Fig. 3.5A, В). A diagrammatic 
description of thé process is given above. 

Besides hacmogiobin, there are other O, 
transporting pigments in animals. Verte- 
brates have haemoglobin, but other animals 
possess pigments hike hoemoecionia and 
hemer y ruin. 


REGULATION OF RESPIRATION 


The regulatory centre for respiration lies 

in the medulla of the brain and js sensitive 
to the changes in the arterial concentration 
of CO,. A decrease or increase in the con- 
centralion of CO, in the arterial blocd 
causes the slowing or acceler 7 
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for О. and the amount of haemoglobin 
avilable for carrying O4 їп the Blood ts 
correspondingly reduced. In such cases, 


hypoxia may result from the reduced Os, 


carrying capacity of the blood (amacmic 
Прах}. 

Hypoxia may also result when the capacity 
of the tissues to use the oxygen supplied to 
them is lost (огох: hypoxia). This type 
of hypoxia is produced by cyanide poisonıng 
because cyanides block the electron transport 
chain in tissue cells, Р 

Excess of CO, with a simultaneous lack 
of O, produces aspliycia which 15 the case 
of respiratory and circulatory failures and 
death in case of suffocation. 


SOME RESFIRATORY DISORDERS 
Paeumornia 


The lymph and mücus accumulate in the 
alveoli and bronehiolzs due to bacterial 


infections. 
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Circulatory System : 







` Blood № а fuid tissue consisting of the 
liquid plasmur in which float the bood corpus- 


ma is a straw-coloured fluid and has 
b per cent water and 3-10 per cent ld 
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rig 43 (B) The internal view (Y human heart 


ventriculat opening on the left side and the 
ri ыч! Г 1 ni i" | у Img Ihrer (laps) "Tm the 


pet ade of the heart. 
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| i Пока lendinde | and papia "y mau teler 
which prevent the valves from being pushed 
into the auricles when the ventrycles contract. 
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The left ventricle has tendinous cords 
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Right lung 
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| 
the starting point of the aorta 
th | ventricle there Is another sel 
| orar (hall-moon-sbaped) valves 
| ЖТ hipag hie pe he Aeri’ In 


tht auricle receives vepqus 


mammals, the pub 
|} blood from the body (except 


Осо урет 
the lungs) through two main vessels—- д 
"uperior vena cara and an inferior vena cava 
[he farmer hrings the blood from the upper 
regions of the body and the latter from its 
lower parts. The left. aurde receives the 


oxygenated blood from Ihe 
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four palomar Y veins (Fig. 4.4). 
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[he veniricles are highly muscular, parti- 
eularly the left ventricle. They receive blood 
from the respective auricles, When the 
ventricles contract, the blood is forced into 
arteries. The presence of valves prevent the 
blomd from flowing info the auricles 
The right ventricle pushes the blood 
into a large pulmonary trunk which 
soon divides into two arteries leading tà 
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Fig. 5.1 The waste products formed, when sugars, fats and proteins are oxidised. 


he kidney (Fig. 5.3) shows two regions, the 
wer cortex and the inner medulla. The 
rine is drained into the renal pelvis from 
Mere И enters the ureter (Fig. 5.3 The 
ieters carry the urine to the urinary bladder 
bm where it is eliminated. through the 
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MOCTURE AND FUNCTIONS OF THE KIDNEY 





ology of the Kidney 
several tiny 


| Euch kidney is composed : of 
lts, all similar in structure ап | function. 
Pte such unit or nephron is shown Im" 
^. The nephron is made. up OR 
“ponent, the Medici and 2. 
ponent, and i is surroul = із а) 
е (Fig. 548). | 25 roug : 
Use, the Pasion is coi posed ol 
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The distal convoluted tubule is the regian 
Where water ind sedhirm are finally reabsorh- 
ed Against the cónceniration gradient, The 
reabsorption of water is regulated hy the 

“ОН from the posterior pituitary and by 
the cortical hormones of the adrenal cortex | 

(it) Tibar seerti ^ Cells of proximal A 
and distal tubules may active! y secrete some 
substances in the urine, The main substances 
secreted by the renal tubules into their lumen 
in mammals are K+, hippurie acid, ammonia 
ereatimine and very little irie acid. 


Regulation uf Water and Salts 


As mentioned above, the excretion of 
water is regulate? by ADH. whereas. the ' 
Control ОГ odium excretion depends upon 
its reabsorption, The reübsorptiae is contral- 
led in part, by à hormone called renin produ- | 
ced by the kidneys which, in turn, influence . 
the conversión of angictenzinogen into arg 
sin (produced in the liver) Angiotensin 
stimulates the adrenal cortex to produce 
aldosterone which finally influences the level 
gm im the blood. Omorrgiation it 
means of regulating er in the 
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Nervous System 


E e Pati ear o паласа с 
` toning of the different organs. Such co- 
ordination of functions is dowe пн. 
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THE адаы 
а ем nin js divisive dud the fore, mi 


The nervous system of al vertebrates, 
including that of men ia diviaible into two 
parts: (1) the central nervous жрет, and (ii) 
the peripheral nervous aysem, The central 
nervous system (CNS) includes the brain and | 
the spinal cond, The peripheral nervous 
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system consists af different nerves that arise 
from the brain (cranial nerves) and the 
cord (spinal nerves), u— 















MER VCI КҮШ 


hi 











FOR CORTEX 


E WHITE MATTER | 





wd "gus. FRONTAL Lome тош functions of the body, such as thinking, 
(e «ШШ as pa ûf smell, sight, hearing, ability of 
EN. Y — № ono, 7o And movements of various parts of 
ЖҮКТҮҮ" memes 
BE e o) n In Chapter 9, functions of the hvoothal 
? "E pe | = Я ' Жин o e hvpothala- 
P^» ы би Se Nor молы Ne 
MESURE elucidated, glands will be 



















continues ma the ^n 


ed th in 










b i 
















4 
EL 





E =, jin 
TETANY 












pa E | Е. | " mal 
, L | prar a a 
=u aimi ji | i 
D AL. ce gr 
a LI y D? = 
Li 


a fod LL Er m a di E 
d: ا‎ "hes nifaciarv lobos 
7 | I [ DC "S AM "mu А д : = 
T visi a РИП! m | ri Г Vis bd cr 
ILLI El ы da P E ou. Fa Mii = 
Iz D oj heh "HAT ЕХ Ee. == 
act cer ЙК 


= EE - p = 











а | a FT 
"Ar C ы, 
hain m =. 
NL L 
a ш... = E a 
eU mint 
* ALL 
" а ГУ 


"ci = 
arve 
و‎ 
и № 
all 
т 





y г 
н Д "| 


с cerebro! heme 
| РЕН E 4 * 
> 










E 





mitts. = 


othe teh coma be буре a fire and the function 


ЕГЫП | ! 
"ing. the cranial nerves, the m 





ЕЕС 
a 
1 = oom 
=j = | ‹ = 
a 


САГ innervated | Тур af kre Function 
-— ——À — E E | — = - = : РЕТ, —= нк | | 


fam ь 


| kurt 17 i Wactory Deos EET S rale т. : 

| a 0n Retina ae demand me 

| WT k Semory Vision 
(uam Pour of the six eye muscios 





























ea - i : Tal Motor Eye Hemen 
| ПЕРЕ И И | 5uperiae oblique Eye muscle dir Eye moverent 
rigen Skin and mucous membrane — 





of the head 
й АРТ Rows eve male 
t Fackel Миле of the face, neck, 
Salivary glanis, 
Taste Вы — 





L Ашшшту Internal ear | 
ı Glessopharyngzal 
ID. Vagos | 


Il, Accessary 


4 Hypogloszal 









Й E } ‘ - Je Pe m | E e 
| Г ; n 3L FT E L | 
om the brain to the spiua Cor, | 

smit impulses in the mM 





M EC 
cm LI 











CHAPTER / 


Muscular System 


Т may be recalled that muscles are of two 
Major types: (i) striated, and (ii) non-striated. 
The striated muscles are also called skeletal 
Muscles as they are attached to the skeletal 
‘Tuctures (bone). Each striated muscle has 


Wo ends: (1) the point of origin which 15 


bed and where the musclé is attached to 

us by a connective tissue, and (11) the 
Point of insertion which is movable and 
“here the muscle is attached to bone by à 

















E "don. The heart muscle 15 sa special s 
" Striated muscle and 15 са dida also 


Buck. The non-striated ch > xp 

red d to as the smooth m muscle. Out 0 

= “iy the skeletal muscle 

T mischt Opes, only the e E 
ander our control of will, therefor oe 

| own as the voluntary muscle as oppo 

‚others which are Lage а m, 





























cylindrical and branched in the cardiac 
muscle and spindle-shaped in the smooth 
muscle (Figs. 7.1, 7.2). There are many 
nuclei in the skeletal muscle fibre (multínu- 
cleated) which are situated towards the 
periphery or edge of the fibre. The cardiac 
muscle fibre has one or two centrally placed 
nuclei, but the smooth muscle fibre has only 
one centrally located nucleus (unimucleate). 

Each type of muscle fibre is made up of 





‘smaller units called the myoftbrils, the details 
of which can be seen only under the electron 


microscope. The myofibrils are formed of 
numerous sarcomeres (i.e, the distance bet 
ween two Z-lines) arranged in a pile. Each 
sarcomere consists of regularly arranged 
thick and thin protein filaments constituting 
the fight and dark bands of the sarcomere 
OF 7.3). The dark band is called the aniso- 
pii Ans amm rin e Hehe band as 


Je S dia m X BEE Han at ibe 
ce niet Cr each I-band, The alternate light 
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* helps in the movement 


| the body, such as hands, 
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< musee nores are branched, so 
итасцюй can spread to all the 

eher tha Li . | : 
“= Pe В eh и nd rt. In tercalated 


*). which are specialised regions 
Ta membranes of two adjacent fibres. 
| asters of the contraction wave 
Ш ow the wave of muscle contraction to 
* tumsmitted from one cardiac cell to 
uer (for details, refer to Chapter 4). 
| ^* Smooth muscle is found ш all the 
fuera (body) organs, e.g, urinary bladder, 
FEEL, mtestine, uterus, etc. These muscles 
"P Ш peristalsis or contraction of the 
"ch and intestine, so that the food 
me down the alimentary canal; the urine 
_“reiled from the urinary bladder and the 
7793 from the uterus during birth. 
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MUSCT ILAR CONTR ag FTI 

The ultrastru: га! and chen ica] event: 
'aking place in the skeleta] muscle lead 
I$ contrae tion are as follows 


I, Ultrasiru; tural Events 


In 1954, H.E. Huxley and АР. Huxiey 
Proposed independently the sliding filament 
theory lo explain muscular contract on. The 
Pattern of myofilaments in a muscle. after 
different degrees of its shortening (Fig. 7.5) 
Was Observed under an electron microscope 
by H.E. Huxley. He observed that as a 
muscle becomes shorter and shorter, the 
thick and thin filaments slide past each other 
but neither of them alters in length during 
shortening. Therefore, the width of the 
A-band remains constant. Аз the thin fla- 
ments slide past the thick filaments, they 









120*, AL 













L 


Fi ak 
us" 





iuc E 
„Ай ILE OOS: 4, 
| Se NEA 














¡hy a series of reactions (р 
aes energy (See Chapter 5j Some of 
.mergy is used for the reformation E 
and also for the conversion of 4/Sthe d 
g acid back into glycogen, The othe 
ih ef lactic acid 13 oxidised to Water and 
jon dioxide (CO,); these reactions take 
ye in the muscle and liver as shown in 
rit cycle proposed by Cori and Coti 
lose major steps are given in Fig, 7,7, 


Iyealysis) and 


BEE FATIGUE 


How long can the muscle be maintained 
га prolonged contracted state depends 
pn the ability of the muscle to supply 
zy to the contractile protein (actin and 
(бп) in the form of ATP. As the energy 
tipiy of the muscle is reduced, the force of 
Miraction decreases and eventually falls to 
"0, This drop in the force of contraction 
ЧТ prolonged stimulation is: known as 
ш le fatigue. A muscle is able to contract 
"a short time in the absence of oxygen as 
An use energy due to the breakdown of 
"P present in the muscle and from ATP 
"nthesised from ADP by CP. Therefore, 
Muscles are deprived of Оз, the metabolic 
“duets of glycolysis, mainly 
“late and are not reconver 





een ог oxidised due to ins 


% Чё due to the exhat stion we 
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bond and alla. 

i) Prise ae DUM оош 
of ATP is un in sr ‚from the splitting 
reticulum (Sp. 1 by Er E E 
or the d К) (Le., endoplasmic reticulum 
E e usele) to trap free calcium ions and, 
us, induce relaxation. There is an active 
transport of Ca** ions into SR against its 
Concentration gradient which is brought 
about by the utilisation of energy. For 
relaxation, the myosin ATPase activity has 
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CHAPTER N 


Skeletal System 


о the rn 
a dl body. The shale gives jen NIE noa чү, The axial skeleton 
вз the body and Protects the age consists of the skull, vertebral colum, vtermum 
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„opening Aled Foren marni. Ip 


№ cranial cavity lies the brain There 
P T Kanes al the face hut only the 
| yat jaw is movable, The skull has 


| | | frontal 
gal and temporal regions The eves 


| al E "m _ф. 
m situated in deep sockets called orbital 


The Vertebral Column 

De vertebral column is composed of 33 
mcrae (Fig. 8.2), out of which 24 ne [ree 
enchrac. followed by a sacrum made of five 
= vertebrae and a соссух made of four 
ined bones, forming the vestige of the tail. 
| Five regions can be recognised in the verte- 
fl column. The meck or cervical region is 
= up of seven cervical vertebrae. The first 






T , = 3 
„ш = 
з 


Lx 


EE T 


mle paro: "ap In the middle of the front 
оф ы jorag Wes th: enana or the 
LL A А „шм Ol the chest cavity are 
i e pars of rih 
Pairs of riba ATE gfhached lo the thorach 
vertebrae it the hack and to the sternum 
"n the Iront, The Heat three pairs are connec 
tra lu the rib above each. The last two pair 
are free and are called the floating ribs. This 
Arrangement allows the chest to expand and 
contract during hresthing movements. 


Гре first seven 


The bones of the limba are atluched to the 
girdles, The bone of the forelimb is attached 
to the pectoral or shoulder pirdie situnted at 
the upper part of the body. The thigh bone 
is attached (0 the pelvic or hip girdle situated 
at the lower end of the body. The pectoral 
girdle is made up of the clavicle aod the 
seapulu. There № a glenoid cavity into which 
the head of the humerus fiti (Fig. 8.4). 
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Г and und the Leg 


Bones of the H | | 
a single bone, the 


has the large 


head of the The upper arm has at " 
head of t “ат ai forearm has the radius and шіт 


Fig, 8.6), In the wrist, there аге се. 
e called the carpals. The palm 1 made 


up of carpals and mef ро Г ped 


The pelvic girdle of each side 
Шит, pabis mad ischlum The à 
femur fits into ths cavity called acetabulum 


(Fig, 4.5 










hone is the largest bone af the leg. е 
end is ball-shaped and fits mto the socket of 
the pelvic girdle. The knee cap is protected by 





ger of the toes. 


The place of contact between two or more 
bones 15 a Joint, ing on their structure, 
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Endocrine System 





lund pancreas, besides one hormone of the 
| onum endocrine glands or ductless glands ovary (relaxin) and another of the placenta 
aon chemical substances which the sand pia gonadotropin’, 
Steroid hormones are produced by the 
| er ovan mas and testes. Blog 
amines are кн by Ube inca! 
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CHAPTER 10 


Reproductive System 


ют of the higher animals reproduce only ducts open into rhe single uterus, The 

Sully while some Jower forms reproduce narrow terminal part of the uterus is the 

å т Шу and sexually. In а number of cervix. The get ES followed & the vagina 
"F reproducing animals, males and which‘ opens ough ап 
ĉi are separate, In order to understand opening which is compl etel ‘separate from 

1 Pci of sexual reproduction, И is that of the urethra. 

“Katy to deseribe the structural differences A 
Midget inn 
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ale sE ва gonads are the frairs 
ar : testa] which, in most mammals, are 


accommodated im 3 pouch hanging in bet- 
Pug Dilferences Between the Female жем the legs called the rotor (Fig. 103. 


M the Male Reproductive Systems The testes produce numerous sperms at а 


MULE REPRODUCTIVE SYSTEM | | ARE 
„en in Fig. 10.1, ee! ns ee 
| Mich produce the 
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UT Fallopian tube, where one of them ruses 
With the cee and a sveote m formed (Fig 
10.1}. This process ie called fertilization. 
Fertilization can be internal, inside the body 
as described above, си external, as in the case 
of a frog where both the eggs and sperms 
are passed out into the medium of water 
where thev fuse 


ARTIFICIAL INSEMINATION 

Utilising the knowledge of the methods 
of fertilisation, it is now possible to make 
the females of many animals pregnant by 
artificially depositing the sperms in the 
vagina. This is called artificial inemination. 
ln many farm animals normal copulation 
or maung can be completely eliminated and 
replaced by artificial insemination. This 
involves the collection of the spermatic Awd 
Írom the males and storing it suitably for 
subsequent use. At any desired time, small 
quantities of tbe fuid cam he taken and 
introduced into the vagina or the uterus of 


the female. This method of initiating preg- 


nancy in farm animals has two advantages, 
The spermatic fluid from a good quality 


bull or stallion (male horse) may be used to 
served may be sent to different places, 
the male | 








million and 


af the embryo or Toetm 
voung of a mammal) and 
in the tssues of the 


als of blood form around 


I» 
ur 


covering 
devel mi n 
embedded 
Gradually, po 


F m repu 
finger-like proces» 
ies the placenta, 


dir 
Ten 
Chen 
it 15 гош thi 
that a 


vascular contact, A рай? 
foetus derives its nourishment and onxyp., 
Ld» | : "WT 


and eliminates cxcretory wastes, Нить 


placenta also secretes in the maternal Plone 
several hormones including oestradial, pry. 
gesterone and human chorionic gonadotrapiy 
(see Chapter 9) The blood systems of ih 


foetus and the mother are never contingou | 


with cach other. The thin membrane ihi 


seperates them allows the exchange of vario . 


substances by diffusion or active transport 
The main blood vessles from the placent 
enter the foetus through a thick cord called 
the umbilical cord. At birth, this cord is cut 


after which the baby ceases to draw i | 


nourishment through the Placenta. 


Fertility Control 
In this world of | | 
din" aa). Mowag population, 
mu^ population alone stands at 60 


‘hat of China at 900 million. 





CHAPTER ] 1 


Meristems 





55 plant begins life as a single ferülized stematic cells are thin-walled, usually isodia- 
= cell, which by numerous divisions gives metric and ara richly protoplasmic. They 

€ lo a young embryo, In the carly stages, posses relatively large nuclei, small or no 
9 division occurs throughout белит P small a | lasmie 
t pedra it becomes d culum and mpor 


> "in parts of che Be ody while the elaborate 
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MERISTEMS 


Lo ateral meristem; (vascular 


I um and cork cambium), These mer; 
и е involved in the Increase in the 
meter of a stem or root. More detailed 
Pon of the lateral meristems follows 
chapters 13 and 15. 
Structure. and Ürganisation of 
Apical Meristems 


ЕТАПЕ SHOOT APEX 
soot apex is formed either at one end of 
axis of the embryo or it may form the 
úl of a leaf. The shoot apex is always 
«rd by young leaves and can be seen 
ly after their removal. A good example to 
hw the shoot apex easily is hydrilla 
he. 11.2). | 
The summit of the shoot apex is dome- 
iped (Fig. 11.3). Cell divisions from its 
ils at the base of the dome result in one or 
" uf leaf primordia which retain their 
‘ginal size and shape. This process conti- 
wı throughout the vegetative phase. 







> i mU EN ll 


109 


a 





29 


Ps) angiosperms, the organisation of the 
division that ania a | 
hs n that occurs in the apex, resulting in | 

O Zones known As the tunica and the ў 
corpus (Fig. 11.4). This type of organisation | 
Was first observed by Schmidt in 1924. The i 
tunica constitutes one (or sometimes more) 
Peripheral layer im which, during the cell 
division, wall formation takes place at right 
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Fig. 11.2 Shoot apex of Hydrilla: | 
Hydrilla; (B) Enlarged view, — 


1; (A) Shoot of 
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CHAPTER 12 


Water Relations of the 
Plant Cell 


ПА not only enters a plant through the 
Lof the root but also moves to other 
ù through cells and tissues. It is, there- 
| important to study the principles 
А regulate water relations of the plant 


[^ common knowledge that life cannot 
h Without water. The importance of water 
| "realised from the fact that it consti- 


out m total weight 
90 per cent of <a solvent 


dissoh 


ма such as those of 1 
y, 40 ' serves as the me di 











The cytoplasm m a plant cell is enclosed 
in the cell wall The plasmalemma lies just 
underneath the wall Mature plant cells 

erally contain a larse central TOM 
wall is generallv 





the суйо 
brane (tonoplast), constitutes the selectively 
eable membrane. This membrane allows 


molecules to enter and prevents 


Som, Water mas mo freely aem 


others. 





rom ала ele here iL is in lower concent 
prod to as Omen Let us examin 
s of osmosis Буз 
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== - N zT. „жа «=: Water 
a Sueras Solution 
Zr ] 

: Egg Membrane 


Fig. 12.1 (A) Demonstration of osmosis: (B) Cell as an osmotic system. 


solute molecules in the solutions on the two 
sides of the selectively permeable membrane 
e.g. egg membrane, sheep bladder etc. 

When the membrane separates pure water 
on the two sides, each being at different. 
temperature, the molecules of water will 





that of lower temperature, provided the 
pressure is the same on the two sides, 

When water on the two sides has the 
SNR dempetetige but de: He 
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water molecules than à solution) to its regios 
of lower concentration. The solute wouli 
ems d ab the opposite direction (that is 
Zr и solution to pure water) but th 
ively ble membrane either dos 
not permit its movement in that direction ¢ 
it allows the movement only y iii FOR 


If water ig. replaced by a dilute e 
ics pepo to the given Sucrose solution 
we a still move in the direction of the 

with a higher Concentration d 


ш! К = Ii 





sucrose, 
The net movement of 





nek int 
риди results j in the c е Hed 
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| smotic move mend EN ater and the resultant 
|gmotic pressure would 

perature, pressure and differ, 

«amber of solvent and solute lar 
selectively Permeable 
amirant. 

The increase in temperature Or pressure 
жтешез the kinetic Energy of the solvent 
However, the presence of 4 solute lowers the 
miete energy because the attraction between 
tte solute and the solvent Molecule lowers 
tf molecular motion. The increase in 
 Pmprature or pressure increases the free 

шу {energy available to do work), while 
| & increasing concentration of the solutes 
lowers it. In each of the three instances, 

vier, thus moves from a region of higher 


і ite energy to that of lower free energy. 


a 





In modern terminology, the osmotic pres- 
= 5 equivalent to the osmotic potential in 


Of “kept but opposite in sign, ien 7=—OP, 


Mere л is the osmotic potential and OP the 


„ #4 positive value, 


es I 


115 


15 balanced by an equal pressure exerted by 
the cell wall, called the wall pressure (WP). 
With the continued entry of water into the 
cell, the magnitude of WP keeps on increasing 
Until the cell becomes fully turgid. Before 
the cell reaches full turgidity, it may be 
said that there I$ à water deficit or diffusion 
Pressure deficit (DPD). At full turgidity, 
therefore, DPD=0 and WP or TP is equal 
n magnitude to the osmotic pressure of the 
solution outside, ie, WP OP . The pressure 
of the wall at full turgidity prevents the 
osmotic entry of water. In a non-turgid cell, 
therefore, DPD-—OP- WP. DPD in modern 
terminology is referred to as the water poten- 
Hal (4). In its physical value, y=- DPD, 
The water potential is a term related to the 
chemical potential and free energy of water. 
The value of the water potential of pure 
water at normal temperature and pressure 
is zero. This is the highest value of ¢ which 
is lowered by the increase in the solute 
concentration, while DPD has positive 
values only. The value of the water Potential 
is, thus, given by ="+WP. 


aximum zero) to the lower y 
cal value with the negative 
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Fig. 12.2 Conditions of protoplast: A protoplast in à turgid cell; 
C Protoplast at plasmolysis. 


plasmolvsis; 


If a plant cell is put in a hypertonic solu- 
tion, water starts moving out of it, causing 
shrinkage in the cell volume. When the cell 
volume becomes minimum (at TP=0), the 
plasmalemma starts losing contact with the 
wall and eventually rounds up in the cell. A 
cell in this condition is said to be plasmolysed 
and this process is known as plasmolysis 
(Fig. 12.2 A-C). The stage when plasmolysis 
just begins and the plasmalemma starts 
receding from the wall is known as incipient 
plasmolysis. When а cell in this condition is 
transferred to pure water, it 1s observed that 
water moves into the cell and turgidity is 
regained. This process is termed as deplas- 
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H protoplast at incipient 


molysis. Plasmolysis and deplasmolysis can 
be demonstrated in a living cell. A good 
material for this study is the lower epidermis 
of the leaf of Rhoeo discolor in which the 
vacuole is filled with a coloured sap. 


Ihe osmotic entry of water into the cell 
acis as a driving force for the cell's expan- 
sion and elongation. A flaccid (non-turgid) 
cell is incapable of elongation. The turgidity 
and Haccidity of the guard cells are also 
"upornt in regulating the opening and 
closing of stomata, The diiving force, again. 


hun water movement in and outside the 
sells. 


EXERCISES 


1. Describe the plant cell as an osmotic system, 
2, Discuss the water flow across a semipermeable membrana ; hr 
varying T (constant P), varying P (constant T), and heen in a physical system at 


of a solute at (constant T and P). 


3. Explain how in a living cell y is something more 


between the two parameters? 


4. Describe how DPD or $ determines the direction o 
s. Ifa cell with OP=6 and TP=5 is surrounded by 






TP=1, VOR E 
a A AR em ius Tpi 
i 


the varying number of molecules 
‘than т. What is the relationship 


f the water flow 


the | cells, Plant cells. 


all with OP=3 and 






CHAPTER 


Root—Structure and Functions 


BE root is the underground part of a plant 
| is All the roots of a plant constitute the 
™t system. In dicotyledonous plants, the 
"t system consists of a tap root and its 


es, whereas in monocotyledons it 


ists of stem-borne adventitious roots. 
Te structure of the tissues and the anato- 
Tul organisation of the root bear close 
a Onship with its functions like the 
ion of water and solutes, long dis- 
TA x, Pnduction, of water and pre S 








layered) and consists of closely packed thin- 
walled flat cells. There is no cuticle on the 


epidermis. Some cells of the epidermis show 


Cortex 
The cortex is uniform and simple. It cos- 


sists ngu coe en e d par- 
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"iral elements that are esse 


"Ti plant, with the exception of ca 
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and necre UC spots in the inter- 
"uri пе е leaves (Fig, 14.4), 


a plan nt t growth sub 





+ and carboxypeptidases, 
„ deficiency of zinc decreases the TAA 
ent in plants, thereby causing a reduc- 
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Поп in the growth, hi resulta in "little leaf" 
and ruote lew!’ conditions in the plaia 
The deficiency also results in a reduction in 
the size of intérnodess and he conseque 
rosette type of growth, 


It inerenses the absorption of water and 
calcium, Boron is involved in the formation 
of pectin in the walls. Poron is also involved 
in the translocation of carbohydrates 

The deficiency of boron causes Ihe death 
of the stem and root apices, Due to the 
deficieney, leaves exhibit. thick texture, curl 
and become brittle and, at (mes, the leaf 
tips become black, The deficiency results in 
the meagre production of flowers, The 
disintegration of the internal tissues causing 
abnormalities like ‘heat rot’ of bevis, 
‘drought ror of apples, ‘stom crack! of 
celery and ‘water core’ of turnip are some 
other characteristic symptoms of boron 
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CHAPTER 15 


Stem—Structure and Function 


THE stem is the aerial part of the axis of a 
plant which bears leaves, buds and flowers. 
The stem which, together with the leaves, is 

referred to as the shoot system, develops 
from the shoot apex of the embryonic axis: 
The principal function of the stem is to 
expose the leaves to sunlight in order that 
they can carry out photosynthesis, It also 





serves to supply nutrients and water to the 


D various regions of the plant. 


^ Primary Structures of the Stem 


The initial Рам of a plant resulting 
jj from the apical. meristems is called the 


a n - : e 1529) A few 


The primary plant body consists of three- 
tissue systems, the epidermal, ground and 
vascular systems, which are developed from 


the protoderm, ground meristem and pro- 
cambium, respectively, A 










into 8 f m E le. The stem is is divided 
si s сш cep cortex, 
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section (By) and longitudinal section (в); (С) Per M 
jd—transverse section (Dj) and 


Fig. 151  Non-vascular tissues: (A) Parenchyma—transyerse section (Aq) and | 


3 Collenchyma—iransverse | 
a section (С) and ng section (Ca); (D) Scle 


whole sclereid (1272). i2 1 
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Fig. 15.2 Transverse section of a 


á young dicotyledonous stem 





as seen under high power of the microscope. 
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Cortex 

and the vascular system (Figs. 15.2 and 
15.3) and consists of different cell types. 
Beneath the epidermis, the cortex consists of 
four to six layers of the colle ы, ES 
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constitute the bulk o 
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= living, н Цех. The cells 


| WIth intercellular 
parenchyma Of the corte 
aterials. The innermost layer 
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| oF sed if cells forming ah ollos | 
Р. Strips г han ids of lignin E | | | 
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„valls 0 1 cells. These f mag phloem is) utilised for the 
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mn Bui s tye of Бы is sad io ix 
me open. The cambium consists of peo or ihre 
anade 15 the outer boundary Of the — e thin-walled < а= are norge- 
gir system and 15 represented by patch | 
e on the periphery of the vascular 
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podar «у ystem 


№ vascular system lies internal to the 
rei and consists of strands which run 
m the vascular tissues with the phloem 
rad the outside and the — towards 















ма $ transverse sections, | г vas 
Met are obtusely wedge shaped 2 
* definite in number (Fig. + 
м occurs on one side of une 
¿De of vascular bundle is XH m 
Meal bundle. In some 
x сита, the phloem oe 
A the xylem pem am 4 
ч lateral bundle. d | 
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Fig. 15.4 A transverse section of a monocot stem: 


of the vascular bundles: (B) A single 
microscope. 


the epidermis, two to three layers of scleren- 
chyma are present These layers constitute 
the Aypodermis, The remaining ground 
tissue consists of thin-walled parenchyma 
cells with small air spaces. The vascular 
bundles are embedded within this ground 
tissue. 














(A) Ground plan showing the scattered т 
vascular bundle as seen under high power of f | 



















Monocot stem 





ná pith are clearly distinguished, « 

e “Ortex and pith are not ip EN 

| mmis 6 smel Imes present, ground tissue, distin : there is only 
P di ‚ bundles are few and are arranged j ман Endodermis ¡ I$ absent, 


| n bundles are without sheath of fibres. 


я ir hund iles are open and obtusely wedge dd. Vas Meine bundles are many and scattered, 


aay let jacunae are absent. Шаг bund! dies are: closed and oval, 





ae with: a prominent sheath of 
шу ravs are present, 





ae growth takes place, Medullary TAY аге по seen. 
о secondary growth occurs in most uf the mono- 
cots, 
E 
Stem Li | Root 








| The apical meristem of the stem is truly apical, as it In the root it is subterminal, for it is covered 
ocupies a superficial position. _ — by the root cap. 

| The relation between the regions of the primary body Ш іѕ often precise. 
and apical initials 15 not precise. i ' 

i Leaves or even branches arise directly from the apical — 
meristern, a ls n 

L Epidermis has the cuticle, often have multceuuiar 
, tain and stomata. | qi 
tmüerris is protective. y 

i Endodermis i is usually not distin 

|. Usually no distinct region 1 meriting tbe sp 
hie occurs between the cortex а 

ues. 


| Vascul ia 

‘cular system is 
1. | 
чи, collateral ‹ or bicollateral and 
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phloerm and the cork cambium 


and secondary 


jerm. AS а 
i k di га г F i = 
gives rise to the cork and phelloderm. 4 


result of the secondary growth, the outer- 
most primary 155065, the epidermis and 
sometimes the cortex, are a sloughed off in the 
older stems. The periderm (the collective 
name for the cork, cork cambium and phel- 
loderm) forms a protective layer. 

The secondary growth takes place in the 
dicotyledons and gymnosperms but is absent 
in most of the monocotyledons. 

In a young dicotyledonous stem, the 
vascular bundles are separate and are arran- 
ged in the form of & ring. In the vascular 
bundles, the procambium remaining after 
the formation of the primary xylem and 
phloem gives rise to the cambium. This 
cambium arising within the bundles of the 
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Fig, 15.5 Diagrammatic representation 
































primary vascular tissues 15 cano the бы 
cular cambium. Ihe par enchymatous tings, | 
between the và scular bundles in line With a 
fascicular cambium develops into the inte, | 
fascicular cambium. The fascic ular ca тїбї, 
and interfascicular cambium combing ty 
form a continuous cylinder of the vascula 
cambium (Fig. 15.5). 

The active vascular cam bium exhi hits № 
types of cell divisions, namely, additive apg 
multiplicative. Additive divisions inyoly. 
periclinal divisions, resulting in a cylinder of 
the secondary phloem towards the outside 
and a cylinder of the secondary xylem tp - 
wards the inside (Fig. 15.6). More division — 
take place towards the xylem resulting in the 
greater amount of secondary xylem than the 
secondary phloem in the stems. As a result 
of this activity, the primary phloem is pushed 
to the periphery while the primary xylem is 
pushed towards the centre of the axis. The 
anticlinal divisions of the vascular cambium 


result in the circumferential expansion of the 
cambium, 
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Two types of tracheary elements, na 
and vessel members are present both in 
primary and secondary xylem. ds “ons 4 
developed tracheary elements ате elongate 
having lignifed secondary walls and are 
without any protoplasm. One difference 
between the tracheids and the vessel members 
is that the perforations (openings) at the ends 
of tracheid cells are absent, whereas the 
vessel members have perforations at the two 
ends, The vessel members are joined by their 
perforated ends to produce continuous tubes 
known as the vessels. Thus, there is continuity 
of adjacent vessel members through perfora- 
tions, The continuity between the over- 
lapping tracheids is maintained through 
the thin poitions of the cell walls sepa- 
rating pit-pairs on their common walls. In 
& vessel member, the wall area bearing 
the perforation is known as the perforation 
plate. If the perforation plate bears only 
one perforation, it is called the simple 
perforation plate and if it bears several 
perforations, it is called the multiple perfora- 
tion plate. 

Deposition of the secondary wall of the 
tracheary elements of a vascular bundle 
varies in its distribution (Fig. 15.8). In the 
first-formed primary xylem, the secondary 
wall thickening may be annular (in rings) or 
helical (in a spiral fashion). In the later- 
formed pea elements of the ee 








in open canals known as s protoxylem la 


place i in | the form Га ladder, known i as the | Sut the growth of the primar 


reticulate), whereas the i RN 
reticulate and pitted saem. 


also 
have helical, Y 
walls. 


Based on the developmental and struct, 
differences, the primary xylem is of | 
kinds, namely, the earlier formed ma 
known as the protoxylem (Greek, pro! 
means first) and the later-formed yy), 
known as the metaxylem (Greek, meta mea 
beyond). The protoxylem OCCUPIES a chan. 
teristic position in the primary aseuk 
system. Ifthe protoxylem i is located tos 
the periphery of the axis, it is called exo! 
as in the roots (Fig. 13.1), if it is ocre | 
towards the centre of the axis, it is calle! 
endarch as in the stems (Fig.15.2) and if til 
located in the centre of the xylem strand, й 
is called mesarch. 






The vessels of the protoxylem elements а} 
narrow, whereas those of the metaxylem = 
large. When the primary plant body matur 
the protoxylem becomes non-functional. Ё 
is stretched and eventually destroyed by i 
surrounding cells. In the monocotyledot 
the non-functional protoxylem Foe j 
partly collapsed but not obliterated, Pus i | 












surrounded by the 









„ле; protoxylem eleme AC 
racheary е nts usually conte 








ANULAR SRIRAL SCALARIFORM 


2158 Part of the longitudinal section of primary 5 
wall structure in its tracheary elements. 





| ONDARY XYLEM 
The *condary xylem (also termed wo 
“pk Пот the vascular cambium during и 
PE growth of the plant ( 4 5 e Fig. ur JA 
ind also chapter 13). Itc consists of Lu 
А. ida, vessel members, diff co ja y 
ad parenchyma cells (Fi = 
Sr: table shows the various = 
`of the secondary xylem and UP 
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pas UM "re deposited 
"aii. T ISO а руд; lua! 
ae | lour of the si шу. drası 
yr je UM ~ Ue cells. In Contrast 
iis, the | IC TOT UI ind аСт re Part Of the 
laf г {| ПП the heartwood and 
„ Ui i ul if i im "um. 15 known аз tha 
i Y M pl owth üf the plant, Dew 
од! is added to the plant, мото 
: ilil ий Та int the hearty 


И" thé i TOON l if heartwood increases ycar 


ar in (he woody stema 
XudPORI OF WATER 


| plant absorba y V aeg through the FOE, 
en water ia absorbed by the TOOt cells, iı 
Imniferre«d racially lo the tracheary ele- 
кї (ice Chapter 13) and through them it 
Жк ull parts of the plant. This process is 
dem ed tü variously as the Gxcent of Tap, 
tà ti м, [runsport, OF translocation of 
чат, The bulk of water that is taken up by 
‘plant is lost in the process of transpira- 
ЧІ. Only № small quantity, usually less than 
i “Pr cent, of water absorbed by the plant 
MET für plant growth and perna 
ч several theories have = - | 
mechanism of the upward move 
"Hier in Ihe xylem and they are the vid 
Pese. and cohe sions tendon d TE | 
“Ming to the vital theory, ge = мр е 
(ed by a sort af pump de the И 
ving parenchyma in proxi = q 
tin Véssels and tracheids. : | 
uL "4 one of the advocates of the vi 
“ig date, there is no direct? 
At of this theory. 
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Fig. 15.13 Diagrammatic representation of the 
UNO of water from the soil, iis 
movement through the Iracheary ele- 
ment, than into the mesophy | 


Dixon Joly $ Theory of Сон, | 


L 


known [15 
e transpiration pull theory. 


a result of trans piration, water із low | I 
a surface of the mesophyll cells Of the | 
loaves, А reduction in the water Content i in| 
creases the osmotic potential of the meg, | 
phyll cells, This results in low water potes. 
(ial in the mesophyll cells, Asa result, Water | 
from the adjacent cells with the higher жаш | 
potential is directed towards the mesophyl | 
cells. Such a wate: potential gradient extend | 
up to the contents of the xylem elements of | 
the leaf, resulting in building up tensions iz 
the xylem which ultimately are transmitted | 
to the root through the stem. This pow; | 
can be explained in the following manner. 
Water molecules are strongly attracted lo 
each other, They have a strong force of cobe | 
sion. This attraction of water molecules i 
more if water is confined to relatively lont | 
tubes of a narrow diameter, such as tht | 
vessel elements. In addition, there is a 
adhesive force between the walls of the 
xylem vessels and water. As a result of the 


Cohesive forces of attraction between the 
Water molecules, tension is created in the 


ar th 


from th 













vessels due to the 
‚ Cor 
poniente rna rdode ma results jn transpiration pull which 


(һе upward movement of the water |, 
roots (Fig.15.13), i 
ы сачын 
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"aii d 
К, к Of nutrients, (2) companion cells 
bus ^ Т8 el “cermed with the functioning of sieve 
|| ^. A Pt c _ food ma (3) parenchyma celts for storage of 
А | hi materials, and (4) Fibres and selereids 
if ` which are for mechanical] support. Like the 
| e the phloem is also classified into two 
| gories, namely, the primary phloem and 
i m Prats Pied Tubes = бово рен, | 
| p=- WEE carin anam. 4 





THE PRIMARY PHLOEM 
The phloem associated with the growth of 
the primary plant body is the primary phloem. 
It develops from procambium. The primary 
and secondary phloem consist of the same 
cell types but, unlike tbe secondary pholem 
the parenchyma cells of the primary phloem, 
are not organised into axial and ray systems. 
The primary phloem, like the primary xylem, 
has no rays. The primary phloem consists of | 
tit Demonstration of the cobesion-tension sieve elements, sieve cells and sieve-tube | 
| — theory: (A) Physical system in which members, parenchyma and fibres and scler- 
evaporation from the porous — eids. 
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| 
ibe tension required to pull up the iw types of sieve elements, siere cells 

: column of mercury; (В) ر‎ ры members are distinguished on * 
2 moused to pull up the column ef the basis of the sieve areas on their walls e 
Y d (Fig. 15.16). The sieve arca жа айк of и 
2 FU evidences are in support of this residues through which the adjacent CM 








"and, hence, it i widely accepted by 
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Fig. 15.16 Elements of the phloem as seen in 
a longitudinal section. 


bears the highly specialised sieve areas 15 
known as the sieve plate and is a char- 
acteristic feature of the angiospermic phloem. 
In the sieve cells, the sieve areas are 
relatively unspecialised in that the sieve areas 
are not orgnised as sieve plates. The sieve 
cells are long and slender with tapering ends, 
In the sieve-tube member, fhe sieve areas 
are highly specialised and аге organised into 
structures known as the sieve plates. The 
sieve plates occur at both ends of the sieve- 
tube members. The sieve-tube members, 
which are arranged end to end in long series, 
connected by their sieve plates are known as 
the sieve tubes. At functional maturity, the 
sieve-tube member lacks the nucleus but 
contains оры 
The sieve-tube members are commor 
associated with Hoi reda а = 
of the companion + call і is з char ges 
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aall GEAN a ti pm ТТ 
Ct p fro! n ont Il many, А Грете 
her varies Lf | 
Я Mis FLATE | 
mon the pli nt OT, at um № ffi 
ча lant, The comp: inion cell retains m 
same ph c 
nucleus at m: aturity. "TU | 
The primary phloem, пке the primani 
xylem, is divided = two parts, ротор 


апа metaphloem. The sieve elements у of the 
are narrow and mncornsptcuog 
are not usually press 
During the develop пе 


protophloem 
The companion cells 
in the protophloem. 
of the primary plant body, the sie 
of the protophloem are crus ‚ред ee de 
surrounding cells and disappear. 
phenomenon is called obliteration. In de 
protophloem, the sieve elements occur a 
with the parenchyma and in many pas 
with the fibre primordia. When the! 
elements are obliterated, the fibre pt тог 
differentiate into fibres. Bundle caps Pe 
up of fibres on the outer sides of the vase? " 
bundles of many plants are the result of 9 
à process. 
The metaphloem is retained for a T: 
ia ii the plant body than the protophl® 
are m members of the metaph! 
tophloem. pes Videt than: those or фер 
heen int € sieve elements of the F 
tube members angiosperms are only * 
In dicotyledons, the * 


tub 


e 
In companion cells and phloem paren! 
y edons, the be mee 
are sieve-tu 
he d with the companion cells! 
oem parenchyma cells are not P^ 
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LEAF | 
STRUCTURE AND PUNCTION 


ноет hecomes Inactive 
the secondary phloe 
| partially crushed 


rated. 


after the form- 
OT compl etely 


ONDARY PHLOEM 

«secondary phloem develops from the 
lar cambium during the secondary 
у of the plant. The secondary phloem 
onsists of axial and radial systems, like 
condary xylem. The axial system of the 
jedonous plants Contain sieve.tube 
ers, companion cells, parenchyma cells 
ires derived from the fusiform initials 
x cambium (Figs. 15.11 and 15.16). 
uy system consists of the ray paren- 
а derived from the ray initials; The 


«ng table summarises the cell types imd 
funcions in the secondary phloem of a 
Meton, 
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the ray system. The parenchyma of the axial 
*ystem is known as the axial phloem paren- 
chyma. The parenchyma of the ray system is 
Known ag the ray parenchyma which con- 
stitutes the phloem rays, The ray initials of 
e cambium produce cells both towards the 
xylem and phloem, зо that the xylem and 
Phloem rays are continuous. In the secondary 
Phloem, the growth rings are not distinct. 
The duration of activity of the secondary 
phloem, in most of the dicotyledons, is 
restricted to the phloem that is produced in 
Ihe last growing season. That part of the 
secondary phloem in which the sieve tubes 
are no longer conducting the food material 
is known as the non-functioning phloem. 


TRANSPORT OF ORGANIC SUBSTANCES 

Earlier experiments on translocation were 
| Malpighi (1675). 
хі with the removal 
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resulting in a swelling of the tissues above 
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THE Mass FLOW HYPOTHESIS 
Munich proposed the mass fow Бурий 
the transport of food material aca 
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de turgor pressure which would 


mS DAN Water along the tube and then into the 


- This process continues until an 

t- equilibrium is reached. When sucrose №‏ م 
moved from the bulb В and is replaced 4‏ | | | 
in the bulb A, this process will continue JE‏ | | 
through the tube C indefinitely. Here the i‏ | | | 
| 





bulb A acts as the "source" and the bulb 
B serves the ‘sink’. The mass flow move- 
ment of food materials requires energy for 
‘active transport’, or secretion of organic 2 
mibstances from (he mesophyll cells into the 














1 there are vertan objections to this 
hypothesis, plant physiologists generally 
accept it as an essential component of the 

'chanism of the phloem transport. 
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forage organs The orage a 
occurs im fruits amd "s 
roots nnd stems are modii, 
function, for TE 
corma and tubers are | ' 
any of the stem which Store q 
е form of carbohydrates, fat | е; 
нб The conversion Of sucrose jp 
mih ar the storage region maintains he 
aUcrose concentration low at the ton : 
region and, thus, the concentration prodi 
ig maintained until a sufficient quantity i 
accumulated. In the storage cells, — 
usually stored in the form of grains. | 
grains are formed in plastid, оа 
amyloplastr (leucoplasts). The growth g 
a starch grain takes place by apposition d 
successive shells around a growth centre e 
hilum. Starch is the common storage miis 
rial in seeds and cereal grains. Some of ie 
other polysaccharides of storage are hem 
cellulose and inulin 


Seeds (peanut and sunflower | "s 25 
the common oil-strong organs of the pl 
Carbohydrates are transformed imo f 
in the developing ой seeds. The ¢ 


"indue "put are the n 


called the Is 
mod materi 
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М the epidermis Mero. 
lar systema The *irüctur 
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and monocotv]sd sa. 
ed Бас "ledonogs 


LEAF 


" "a M esophyric Leaf 

„урка! structure of a mesophytic leaf 
= ı2 (TANSWEFSC section i$ represented 

тү 

" The upper and lower surfaces 

(ie leaf are covered by the upper and 
» rpwermus, respectively, The cells of 

v epidermus Are single-layered and consist 

орлу packed rectangular living cells, 

Ue dermal cells lack chloroplasts. The 

ger epidermal layer is covered by а thick 
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cuticle, Scattered in the epidermis are 


ыз, шайы. minute apertures, called stomata 
singular: soma) (see Fig. 16.2) each 
botinded hy two guard cells. The aperture 
Of the stoma leads into a substomatal 
chimber which ГЕ contiguous with the inter- 
cellular space system of the mesophyll, 
Each guard cell is kidney shaped in ils 


surface view and Из walls are unevenly 


thickened, The inner walls of the guard 
cells bordering the aperture are thicker 
than the outer walls. The guard cells are 
unique in the epidermis in possessing 
Chloroplasts. In many plants stomata are 
associated with two or more specialised 
cells known as the suhridiary or accessory 
cells. Stomata may be present in bath the 
upper und the lower epidermis. Usually 
the number of stomata on the lower epider- 
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Fig. 16.2 Stomata, surface view: (A) Dicotyledonous; (В) Monocotyledonous 


mis is greater than that in the upper cpider- 
mis. Stomata are totally absent in the upper 
epidermis of some plants. The epidermis 
bears several types of multicellular hairs 
os. 

'esaphyll: The ground tissue of the leaf 
which is enclosed within the epidermis is 
called the n sophyl]. This consists of 
| м enÁnchvm issue which contain 
with interoellular spaces and в * specialised 










Guard Cell 











жыш mim cen шы um 





FE mmm gx. -— omm — um 


(b) Spongy parenchymu: This o | 
low the palisade parenchyma with | lacs e| 
arranged and irregularly shaped cells ae 
ciated with large intercellular spaces. Т 
Cells here contain fewer chloroplasts В 
ts m the palisade parenchyma. The ® 
и spaces of this tissue topb 
palis ade smaller intercellular epe 
constitute a system of air 4 
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i] H | r 
— кер Pper anil the lower cpidermus. The 
а Cells known ac 5 Репа cette ; | 

| bandi ЧИ a the - ia TE Present mn three laver. 
| undie sheath Cells ma; Чок ‘Pe of epidermis is known as the mul. 
[ (Chlorenchymateus Г epidermis In the lower epidermis 
Boerhagvia diffusa) Hl "Vera depression known as stomatal crypta 
"vid of Chloroplasts fis "t. МЕ present, Tha Somalia are restricted to 
" lem: 23 meant: fog Жер the epidermis that fines these depressions, 
na minerals to the ba and Such stomata are relerred to as the sunken 
is meant to car E E stomata. Numerous multicellular hairs are 

Products from the каг i Present in these stomatal crypts 
wat fo the Mesophyll: The рава Че parenchyma 


rhe plant | 
occurs both nn the upper and the lower side 

da of the mesophyll Crystals of calcium 
Or FoR Leaf Oxalote (druse) are scatiered n the upper 


271 ¡Or example Nerin, grow palkade layers, The spongy parenchyma and 
^7 HEL intensities and very low the air spaces in the middle of the leaf nre 
ent in the soil. As а result they reduced. 

“ETS! anatomical modifications in Fatema sistem The veins consist of rhe 


hich reduce the water loss duc conducting tissues, the хуй and the 
phloem surrounded by the bundle sheath 
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The structure of a mondo 
is well illustrated hy makze (Fig 


Epidermis: The epidermis сууп из of one 
which are 


layer of compactly placed cells | 

without chloroplasts. Some epidermal cells, 
known as the bullilorm сев present in the 
upper epidermis are large, thin-walled, highly 
vacuolated and contain mainly water. There 
are two views regarding ihe function of the 
bulliform cella. According to one view, they 
are comoerned with the unrolling of the leal 
during its development whita the other view 
erates ihat they аге concerned with the 
opening and closing movements of mature 
leaves. Stomata are present both in the 
upper amd the lower epidermis, In ù surface 
view, the guard cells of the stomata are 
dumb-bell shaped (Fig. 164) The stomata 
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vy tert The vascular bundles or 
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vascular Kunde The characteristie bunike | 
sheath around each smaller vem cotas 
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Photos yolbests | 


Photosynthesis (photos mean light; sm 
thesis means putting to ther) is the proces 
by which green plants manufacture s 
from the carbon dioxide and water ee 








gre associated with subsidiary celis. sunlight as tbe source of energy. | 
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The stroma phase is an aqueous or soluble 
phase containing enzymes that are concerned 
with carbon reduction, synthesis of proteina 
and nucleic acids (DNA and RNA). The 
thylakoid membrane consists of 50 per cent 
lipsd and 50 per cent protein. It contains the 
light пк bin 1 | 


pigments, the 


ces that are concerned with the oxidation ar 
waler and the transfer of electrons tó дп 





ather in пи? chlorophyll ü | 
on one of the pyrrols y у | 
Э nlorophyll b has an aklehyde gto, I 
=n 4 All the pigments in Ihe chlor | 
а ighi quanta "T photons al рады 
wavelengths of the visible light. The Fo 
showing the amount of light пасг y 
„ach wavelength is called absorptian MICI 
The absorption speci rn of chlorophyll rt | 
hare shown in the figure. They absarh Min 
intensely at blue, violet and red wave length 
The curve showing the relative rue y] 
photosynthesis al different wave lengths df 
light is called the accion spectrum whieh | 
shows close correlation with abworptig | 
spectra of chlorophyll a and # (Fig. №1 
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In addition to chlorophyll a and л Ш | 
chloroplast also contains some other pire 
ments like carotene (orange) and xanthophy 
(yellow), Carotene and xanthophyll ar 
together known as carotenoids. All pigmem | 
other than chlorophyll a are called № 
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"wsimilating power’ and is localised in the 
roma, This phase does not require light 
а henoe it is referred to as the dark or 
the biosynthetic phase of Photosynthesis, 


Photochemical Phase (Light. Reacits am) 

Some of the pioneering scientists who 
have contributed substantially to our under- 
standing ‘of the photochemical reactions are: 
R. Emerson, D. I. Arnon, Е. Rabinowitch, 
L. M. N. Duysens, R. Hill, and Е. Bendall. 
When chlorophyll absorbs a photon of 
light, the added energy from this photon 
lifts an electron from the ground state 
(the low energy state) of the chlorophyll 
molecule to the excited state (the high 
energy state) 

| Chl + hy — Сы (4) 

Where Chl represents chlorophyll in 
ground state, Av, the energy in a photon of 
light, and Chi* the excited chlorophyll 












molecule which has lost an electron (СЫ) 
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tó NADPH. In photosystem IT, the Photo. 
excited chlorophyll transfers one electron 
which passes through a series of intermediate 
substances ultimately reducing the chloro. 
phyll molecule of the photosystem I which is 
oxidised earlier. The photosystem II which 
loses its electrons, in turn regains them from 
water (Pig, 16.8). During this process of 
electron transfer from photosystem П to 
photosystem Г, part of the energy released is — 


utilised for the formation of ATP. 








e 


ГЕ 
at 

x 

n 


w b E T" T = , 
EF “Чы 
d 





MOLDOY 


H6 


i LETUSE phosphate 


In the third step, A 
ur 


undergos a series of eek na 
mately resulting in the regenera ion of the 
CO, acceptor molecule ribulose-1, + diphos- 
phate utilising the ATP 

The whole process operates һу the media- 
tion of many enzymes in a cycle manner 
producing carbohydrates (C, sugars) and 
regenerating ribulose-1, 5-diphosphate, the 
СО, acceptor, This cyclic process is known 
as the Calvin cycle 


C, Photosynthesis: | Recently it was obser- 
ved thar in certain plants including sugarcane 
und maize, the first stable compounds formed 
from the initial carbon dioxide fixation arc 
C, dicarboxylic acids, the malic and aspartic 
acids, During the primary carboxylation 
reactions in these plants, carbon dioxide 
combines with phosphoenol pyruvic acid 
(РЕР) to form oxaloacetic acid which is 
then reduced to malic acid or aminated to 
aspartic acid. The enzyme PEP carboxylase 
is responsible for the carboxylation of PEP. 
The C, are acid thus formed 
iransiers one carbon to ribulose diphosphate 
(which is part of the same cycle as Calvin 
had postulated), the 3 carbon 
atom appearing as pyruvic acid. Pynivic acid 
is converted to PEP thus completing the 
sula Fig Ian sph aar is called the 
pathway and the Mun are termed the G 
p as distinct. from the = or Ei н оре 
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Of photosynthesis in 
inem nn] quality of light, At 

т M E » the rate of es mp. 
thesis ls i. With ino rase in light intensity, 
Carbon dica ве fixation Alc Increased until 
Wine other füctors become limiting. This 
may also result in a point of saturation at 
Which time the fale of Photosynthesis 
'émains sationary, Based on the umount of 
fight required to saturate the Photosynthetic 
fate, plants may be classified into two 
ee the sum and añade plants. Sun 
plants require relatively high light intensity 
to saturate their photosynthetic rates. Shade 
plants reach saturation at low light imensi- 
ties, ae op > plants, eli sum 
to be more бы in photosynthetic rade. 
Ох is an example of a shade plant, In 
such cases extremely lugh light intensities 
have an inhibitory effect on photosynthesis 
due ato a снин known as photo: 
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Carbon «олій: The concentration of 
CO, la the alr is 0.04 per беп! by volume 
Though small in amount, 1 plays an impor: 
tant rele in the bmological world 

lo land plants, the bulk of carbon dioxide 
enters the leaf through the stomatal aper- 
turca. In the hydrophytes the entrance of 
carbon dioxide, hicarbonates or carbonates, 
№ directly through the epidermis. * 

There 5 good correlation between the 
concentration of carbon dioxide and ıhe rate 
of photosynthesis. With an increase in s 
concentration of carbon dioxide there is 
vided the quality of light itself | m not a 
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Internal Расі 
I: principal rites mad 
the rate of photosyotbesis are age of | 
chlorophyll content and the anatomy al d 
кн | 
Age of leaf: The leaf originates at d 
short apex and develops gradually sale | 
mature leaf. As the leaf develops, the n 
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: OF STOMATAL ACTION 


^ siomata are small apertures b 
* Тай puard cells that oceur in the epiderm 
“St raves (Fig. 16 2) and on other aerial 
‚of the plant. The size, diructure and 
| кы; ПШР of the Homa тагу. 


ЧЕ stoma is "the turgor 
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^" ka The opening closing of the 


of "ipM нат рвы by the size and shape 
Ме wale | cells шнщ гот changes in 
Walla ој um sentent, In dicotyledona, the 
n d li guard Coll are itv nly hak 
| (Fig. Ilda). The inner. walla of rha 


г Li T 1 

os cells bordering TIT aperiure — are 

» ii Thun the outer wall With increase 
7 ЧАО Turgor of iho guard cells, the outer 


walls becomes more convex drawing the 
seme walls apart and opening the pore 
| hen Ihe turgor of the guard cella decreases 
the Inner wall mium io their origimal 
position resulting in the chaiis af the pore 
(Fig 16,124), In толосо Чап, the, guard 







eells ane dumb-bell shaped, The № acd par: 
of the cells have thin walls while the inter- 


vening wills have thick walls 
When the guard celis 
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in mesophytic leaves, the stomata usually 


lend te open during day and close during 
might. In succulent plants (af, Cacti and 
Bryephyllum) the stomata commonly open 
at night and close by day. 


One of the earliest hypotheses to account 
for the opening of the stomata is increase m 
sugar content and the concurrent increase 
in the content of solute following photosyn- 
thesis in the guard cells. Water then enters 
into the guard cells resulting in increased 
turgor, This explanation is not adequate 
since the photosynthetic rate is too slow Lo 
account for the changes in turgor to cause 
the cells to open. This hypothesis cannot 
also explain the opening of the stomata in 
the dark by some plants (succulents), 


Another theory formulated by Sayre in 
1923 and studied extensively by. Scarth 
(1932) is based on starch content. When the 
guard celis contain sturch, Bib stomata arc 
дома q when they are starch free the 
| | ordin to this theory 
carbon diqxida accumulated in the guard 
celis, in the dark, reduces the pH (that is an 
increased pr m to unti. ‚of car- 
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nni artei 
e | concentration. Potassium ions Play г 
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accumulation of « 
role in the : 
significant 


This increase In Organic acids in the 


acids. cg i 
increases the concentration y 


guard cells 


cell sap followed by subsequent absorptigg | 


of water. Thus, an increased turgor of t 
guard cells results causing the opening of 
the stomata. In the dark, photosynthesis, 
ceases accompanied by an increase im eo. 
centration of CO, The organic acids ш | 
converted to starch decreasing the concen- 
tration of cell sap. This results in the move 
ment of water out of the guard cel 1 
decrease in their turgor and the closure ra 
the stomata (Fig. 16.13). This esl 

Te 
explains 10 a certain extent the opening and _ 


closing of the stomata both in succulents and 
non-succulents, 
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Respiration 


BoY is necessary for the growth and water, the process is described as aerobic 
tintenance of life and the growth of all respiration. The complete oxidation of glu- 
"Rnsms, The latter ultimately e о койуп E: 
L the products of photosyn as a 

! епегру source. Тһе Ban v: of ` CH¿0,+60,——6C0,+6H,0 (2) т: 
р EY by the step-wise oxidation of organic P PER 
3 (substrates) constitutes. ^ pine Glycolysis 

» ^. Carbohydrates form the principal 
М "rates of respire n Fats n is 
Y Teil cases, as in a few germinating | 
Em шй. d 

oxidation of substrates | : 
бы , volves a series я t туи 10 
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The 3-phosp hoglyceraldehyde that js lo 
E. GLU COSE med 15 converted Lo |. 3-diphosphoglyogy; 
Г ATO acid in the presence ol In OT EAT] [Ic phosphai 
i Es t (P) and NAD. During this process NAD 
GLUCOSE = 8 = PROSPHATI EL.) al j 


NADH, In this reaction th 





| converted to M are Е 
RUCTOSE=8 = PHOSPHATE phosphate that 15 added x the molecule, | 
Атр utilised for ATP synthesis in the next reaction 
E ADP and the NADH; generated participates jp 
OS the electron transport, which will be discus 

i c sed later. 

a-PROSPHOGLYCERALDEHYDE ЗЭ РЕТ: TOME In the next reaction |, 3-diphosphoglyceri 
Чар PHOSPHATE acid is converted to 3-phosphoglyceric acid 
4 SIS T jecit During na Eon а ET that d 
кс liberated is utilised for the formation of ATP 
— + Атр from ADP. In the reaction that follows, 
j- PHOPHOGLYCERIC ac 3-phosphoglyceric acid 1$ converted to 2. 


phosphoglyceric acid. Then the 2-phospho- 
zlyceric acid formed loses one molecule of 
water resulting in the formation of 2-phos 

1-PHOPHOENOLPYRUMIC ACID phoenolpyruvic acid. Then in the present - 

ADP of 5 ?-"phosphoenolpyruvic acid 15 con | 

TUM eee tee fs pyruvic acid. During this procesi 
phosphate group of 2-phosphoenolpy- 


ey acid is transferred to ADP to form 


?-PHDPHOSGLYCERIC STD 


Fig. 17.1 Schematic representation of glycolysis, 


one ATP molecule. In the next reaction 
glucose-6-phosphate is transformed into Each step in the 
fructose-6-phosphate. The fructose-&-phos. tions is controlled 
phate thus formed is further phosphorylated | | 
by ATP to form fructose-1,6-diphosphate. With the 
Thus, two molecules of ATP are utilised for £lycolylic 
the conversion of glucose to fructose-1, Process of 
Fructose-1, -diphosphate (a 6-carbon dip. АТР Рег triose) are зулаа ‘Thus [0 
hosphorylated sugar) splits into two 3 Cet Production of ap esized, ыш fie 
carbon phosphorylated compo 3 3- glucose ‚ АТР molecules for e 1^ 


above sequence of reat | 
by an en Zyme. | 


| formation of pyruvic acid tht P 
Sequence js completed. In № № 
elycolysis 2 ATP molecules ик 5 
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Mischöndrion structure: 
cut tà show threesdimenslonal structure; 
(mn Cristae shown separately. 


Fig. 17,4 


stood by studying its electron. micrograph. 
Each mitochondrion has two membranes— 
a &mooth outer membrane and an inner 
membrane showing numerous folds that 
project into the matrix, These foldings are 
called the cristae (crista is singular). The 
membranes are made up of proteins and 
lipids. Numerous stalked bodies are present 
on the cristae with which the enzymes 
necessary for the oxidation of pyruvate are 
— MM oiher MAINE of mito- 


ir A кохи 55 wn to es 3 А | 
L _ passing > Wi 


qu Ш rough 


(A) Partly 


ig “carbon unit with the шы 

compound, coenzyme A (ghi 

| CoA) to form Acetyl CoA (Aq 

acetate) "During this process the hy 

released 15 ас cepted by NAD to fo 

d Thus, this reaction is Character, 
‚ both decarboxylation and dehydrogs 


(he result 
Wu EBE 
viated 


(i ION, | 
Acetyl CoA then condenses with a, 


carbon acid, oxaloacetic acid to fom 
6-carbon molecule, the citric acid. The cm 
acid exists in equilibrium with Сай 
acid and isocitric acid which are intercon 
table, 

In the reaction that follows isocitric as 
is dehydrogenated to form oxalosuccinic gi 
and the hydrogen liberated during t 
process is accepted by NAD. Oxalosuccin 
acid is a labile substance and is decarboné 
ted to a-ketoglutaric acid, а 5-carbon mol 
cule, Here we can see that another carte 
atom which belongs to original pyruvic 44 
is lost as со. 
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and citric acid cycle, sometimes glucose pas- 
ses through an alternative pathway known 
as pentose phosphate pathway (PPP), Hexose 
monophosphate shunt or Warburg— Dickons 
cycle which requires the presence of oxygen. 
In this pathway, glucose-6-phosphate (a 
6-carbon molecule) which arises from the 
initial reactions of glycolysis or directly from 
the photosynthetic reactions is oxidised to 
6-phosphogluconic acid. During this process 
the coenzyme NADP (instead of NAD) acts 
as hydrogen acceptor. Then 6-phosphogluco- 
nic acid undergoes both dehydrogenation and 
decaroxylation resulting in the production of 
ribulose-5-phosphate, one carbon dioxide 
molecule and NADPH;. In this pathway 
the production of CO, takes place at an 
earlier stage than in citric acid cycle. In 
m MN reactions ribulose-5-phos- 
late TE: sevi ral | chasis involving 
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Hence they require more охуреп for ox 
tion than carbohydrates which have gener 
an equal number of carbon and . 
atoms. The complete oxidation of prot 
gives an RO value of about 0.9. 


Factors Affecting Respiration 
Several factors, both environmental ; 
internal, affect the rate of respiration, 7 
study of these factors not only provides 
information regarding the nature of respi 
tion but also gives us clues for stor 
fruits, seeds, vegetables and foods in gener 
ENVIRONMENTAL VARIABLES 2 
Temperature, oxygen, carbon dica lig 
and inhibitors are some of the environment 
variables that affect the rate of respiration, 
Temperature: As with all chemical r гед 
tions, temperature affects ера 
effect of temperature on respiration. inar 
one ges effects on enzymes, / per 
approaches 0°С, we can obs: en 

at reduction in the rate of respira a 


the pas i ine NS. 
rea 
ration also ses, the rate о ; 
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Plant Growth and Development 



















‘HE process of growth results from an increase 
? protoplasm, leading to an irreversible 
“crease in size and weight. This involves 
tultiplication, expansion and differentiation 
Y cells. Growth is associated with dife- 
‘entiation which is a change in form and 
Physiological activity. Development refers to 
"5 sequence of processes in the OV rall е 
tory of a cell or an organism including 
“wth, differentiation, maturation ад 


D unicellular organisms BROWN anelles. 
c, 5* in volume and number of reproduc 
| " , vision serves as a Mé il to im 
od these organisms, was ds ulti-cellular 
ip. M population. In Ше much more 
| хамы , however, growth es 
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leading to the formation of a seedling. After 
passing through the juvenile phase, a mature 
plant is finally formed. After a period of 
vegetative growth the plant enters the 
reproductive stage, when with the initiation 
and development of fiowers, fruits and seeds 
are formed, A new generation of plants starts 
again. Annual plants like wheat undergo 
senescence and die after bearing grain. 
Development associated with each of these 
steps is controlled by several factors, bath 
internal and external. 


Growth curve 


The growth of a plant (or any organism) 
or organ for à definite period of time, when 
тоне against time forms а sigmoid curve. 
This is known as the growth curve (Fig, 18.1), 
An analysis of the curve shows a slow start, 
| y attaining a rapid growth, followed 


adually yd of slow growth and ultimately a 
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Fig. 181 Growth curve: stages of the growth of 
an organ or organism. 


STAGES OF PLANT GROWTH 


The growth of a plant is a reflection of 
cellular growth. The form and function of 
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Cell Enlargement 

an important role in 
contributing to the size of the tissues and | 
‚а! stages, cell enlargement | 

all directions but 15 later 

confined Lo a specilic dimension. For example | 
case ol fibres, elongation ol a cell may | 
al times that of the original young | 


Cell enlargement has 


organs. In the 
may occur in 


in the 
be sever 
cell, 


Cell Differentiation 


Although all the cells in the plant body 
are derived from the zygote, they undergo 
structural and physiological changes depend- 
ing on their location in the plant. For, 
example, the cells of the root hair take up 
the role of absorption of water and salts, 
those in a leaf contain chloroplasts and 
function in photosynthesis. The sieve ele- 
ments participate in the transportation of 
sugar and other organic substances. | he 
xylem elements undergo characteristic chan- 
ges and develop thickenings of various kinds 
to serve the function of conduction of water 
and providing mechanical strength. "hi : 
term differentiation is used collectively to 
denole these varied changes. It is easy to 
trace differentiation in the different ii celi 
types. However, the precise way in which 
differentiation is regulated in cells with the 


same heredity has not been fully understood 
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lernal tis; a2 | 
Mm “issues do not differentiate and remain 
> Y parenchymatous. This condition is 
UWn as the etiolation. Exposure of the 


seedlings lo normal day and night conditions — 


Prevents etiolatión. 


Ph орег н хун 


The influence of the duration of daily 
periods of light and darkness on the pheno- 
menon of flowering is known as photeperio- 
dism, This effect was first demonstrated by 
Garner and Allard in 1920. Based on the 
influence of day length required for the 
flowering process, the plants are classified 
inta short day plants, long day plants, and 
day neutral plants. Plant development is 
influenced by the quality, quantity, and 
duration of light received. 

Long day plants produce flowers only 
when they are exposed to light periods 
longer than a certain critical day length 
(critical day length varies from plant to 
plant and it lies between 10 and 14 hours). 
Some examples of long day plants are 
radish (Figure 18.2), wheat, oats, sugar 
ид же day plants 
‚only when they are exposed 
uter than that of Sal 
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Fig. 18.2 Radish plants of the same age, illustrating Fig. 18.3 Суваг plants et the sie й 
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niger), a long day plant under different 
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PLANT. GROWTH. AND DEVELOPAEX: 
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Ka i 
| 1881 In roots, low con THIPalions simulate 
growth but any increase will result in retar- 
Gation. In the figure, we cam see thar the 
ФОМИ ГАО; which incicate stem growth 
retards the «бж in roots, High conces- 
trations inhibut stem growth ake 








: One of the main ET ns Of auxms is the 
promotion of cell elongation. The presence 


of auxins in the shoot apex suppresses lateral 
bud growth. This ts called apical dominance. 
И the apex в removed, the inhibition of 
lateral buds is removed. Auxins play an 
important role in the initiation of roots, 
cambial activity, development of Beshv fruits, 
delaying the leaf drop and fruit drop. 
Auxins in combination with cytokinins play 
& role in cell division. 
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= 18.6 Effect of different temp 
growth of maize seedlings 


Gibbere [ins 
Gibberellins were first identii 
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торе] direction. Auxins cause which causes ‘foolish seedling disease’ in 
if the ems and гов. o Nr №. к rice plants in Japan. Infection of their roots 

Different parts of th cap prs unir caused excessive elongation of the plants. 
ently to the concentr auxin (Fig. Мапу types of gibberellins have been isola- 
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PLANT GROWTH 
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ea are also involved in cell 
eium ОП, and retardation of ageing of 


Abscisic Acid (ABA) 


In contrast tc the growth hormones dis- 
cussed above, abscisic acid retards or suppres- 
ses growth. Abscisic acid has been isolated 
[rom several parts of higher plants including 
dormant buds and seeds. 


Abscisic acid promotes leaf fall and dor- 
mancy of buds. In some seeds, it 1s present 
in the seed coats and causes dormancy. 
Many of the activities of ABA are reverse to 
those induced by GA, and cytokinins. ABA 
decreases the synthesis of RNA and protein 
in the leaves. It promotes ageing of leaves. 
It inhibits the formation of a-amylase in 
germinating cereal grains. 
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CHAPTER | 


Plant Movements 


SOME lower group of plants which live in 
water show characteristic locomotory move- 
ments. Higher plants whether growing in 
soil or occurring freely in water do not 
show locomotion but show only growth 
movements. One important feature of these 
movements is that they are generally very 
dow. The usual forms of growth movement 
: bending, twisting, and elongation of certain 
organs. The movements mostly result from 








rnal stimuli and ici upon the ability 


ette plant organs to 1 respond to them. 












the growth 


fails to respond and the tissues concerned | 
are said to be in a state of fatigue. 
The movements exhibited by the or, ir . 
of plants are classified into three groups 
(1) growth movements caused by changes i n 


the position of the organs due to enlarge 
od oF eris, or increase in the number о 
En both; (2) turgor movements 


by reversible ch 
an 1 @ 
(З) Aydrastan ges in cell фе 


with non-livi x Li MN CONUM = 
на fr ng plant tissues or organs # ol 
el walls. hydration or dehydration є M 
Hee We deal with some * ES 


mo turgor movements that o" 
ү commonly ; in plants, à | 
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Vegetative Morphology— 
Root, Stem and Leaf 













^ knowledge of external morphology ¢ 
Dosperma is essential for бе a of all 
Fuches of botany in. — a йош, 1 SN 2^ 

Mology and systematics in partic | forms, 


ту after studying the v i — =" s ms, 
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(3) Conical: Here it is cone-like structure 
Example: Carrot (Fig. 20.3c) 


(4) Tuberous: Here the &wollen root has 
no specific shape. Example: Mirabilis 
(Fig. 20.34). 


MODIFICATIONS OF ADVENTITIOUS ROOT 


Likewise, adventitious root may be modi- 
hed to carry on the storage of food, mechani- 
cal support and other vital functions. Some 
of the main types are: 


(1) Tuberous; Here again the swollen 
root 15 shapeless and occurs singly. 
Example: Sweet potato (Fig. 20.44). 


| PFI - FAA д 


(2) Fasciculated: When several tuberous 
roots occur in a cluster arising from 
the same place. Example: Asparagus, 
Dahlia, Ruellia (Fig. 20.45), 


(3) Beaded: Here the adventitious roots 

have swollen regions at frequent in- 

А tervals. Example: Portulaca, Momor- 
dica, (Fig. 20.4c). 


(4) Prop : ee are pillar like structures 
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roots Example Fin 


assimilatory 
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pora, Trapa | Fig 


lem 


The stem is the ascending aerial ponio 
of a plant and develops from the plumul, 
It is differentiated into nodes and intei 
nodes and bears leaves, branches an 
flowers. It is usually erect, rigid and strong 
The growing apex of the stem is covers 
with a number of small leaves. Leaves ani 
branches develop from the nodes. However 
stems may be weak and may trail prostrate}, 
on the ground or climb. In contrast to the 
root, they possess buds which may be 
situated in the axil of the leaf or terminally. 
A bud is a young undeveloped condensed 
shoot consisting of a short stem and a 
number of tender leaves arching ower its 
growing Apex, 


The habit of the plant is displayed by 
its stem. It is determined by its height, 
duration and nature. Herbs are small plants 
with soft stem. Medium sized plants with 
e stems, that branch profusely 

ushy appearance, are calle 


. Trees are plants ha ye 
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сах with Profuged t ne. — E 
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changed, 
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je purpose ol perennation and 
food, stems OT some plants become 
gi burried in the ground and 
¿lo aerial shoots annually under 
м conditions. They appear like 
{ше distinguishable from the latter 
qale aves at the nodes and buds. 


ilo nct asa means of vegetative 
ил. [he important types of under- 





P are: 


| Ши, It is à prostrate and 
p "ned stem, growing horizontally 

Ып the soil. Modes are marked as 
„ ©. bearing scale leaves in therr 


“4 Branches and buds are also 


7 ROOT, 
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Present, Adventitious roots arise from 


theit underside Priok: Ginger 
(Fig. 20.54) 


Corm; It is like a rhizómo hut grows 
*ertically and ia spherical io oval 
ш form. It is rarely branched, Eram 
ple: айтор отат (Fig. 20. 3b) 


Tuber: А tuber is the swollen end of 
4 Specialized underground branch 
It is usually spherical and has distinct 
noblehes known ns ‘eyes’, Those "eyes 
are, in fact, axillary buds. New plants 
Are from these buds. Roots are 
absent, Example: Potato (Fig. 20.56) 


Выб: Here the uem is highly con- 
densed and discoid bearing a large 
number of faily acalodeaves. | 
possesses fermion! buu iu the centre 
which gives rise Do an aerial shoot 
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that produces flowers, Axillary buds 
are also present. A cluster of adventi. 
tious roots is present on its underside 
Example: Onion (Fig. 20.54) 


In some cases, stems are 
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м 74) Exam»: 4dsmarcgus, Rutti eral branches, varying in number 


‚ develop and grow vigoroush 
Bresching of the atem from below (Fig 20 Eb) The mode 
in beer plant. pew branches ari af branching 15 105 basipetal Depen 

| Thu type ding upon the number of branches 

time, it has been 


rom the sides of the man stem 
of branching is known as lateral and ıi of appearing al a 


cw types further classified into mriparows, bí 
purous and maltiparow types. Exam- 


(1 Racer: Tho m abo known ai 
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nent mid-vein in observed, in that 
саз if la described as unicoslale 
Example: Peepal, Mango, Canna 
[here are also leaves with more than 
one prominent vein as im plasma 
(Zizyphur), fan palms. it is said to be 


multmostale 
Simple and Compound Learn 


A leaf is said to be simple when its lamina 
№ entire or incised but the incisions do not 
touch the mid-rib (see Fig. 20,9), When the 
incisión of the lamina goes down to the 
mid-rib thé leaf becomes compound, and 
then it bos a number of leaf segment, 
xa TES DER These lenf-segments are known ams the | 
re аиа M leaflets, A leaflet is like a simple leaf but it 

e Pate b Way c Sem |, a bud in its axil аай leaves 
may be of two types (a) Рина and (b) 








| G) Wary: ¿de wary (Fi. 21 ib) 4e m Palmate, A compound leaf is said to Бе | 
| shake tree (Polyalthia). pinnate when the leaflets are lateral to the 
| | ETE mid-rib (ruchis). When the leaflets are formed 
| (Шу Serrate: When the margin is like the PY tbe direct divisions of lamina of the 
% teeth of a saw (Fig. 20.14) as in Simple leaf, it is umipimmate as in rose (see 
China-rose, г Fig. Hille), When the leaflets of the first 
| order again become pinnate, the leaf become 














bipinnase (Fig. 20.152). In this case the actual 
leaflets are borne lnierally on the mid-ribs - 
of the first leaflets as in gold-mobur (De- — 
lonix), sensitive plant {Mimosa pudica). 
' Similarly, a pinnately compound leaf may be 
— as da here cs 20.136) and 
Р бәл number 
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Types of pinnate compound leaf а. ране b, Tripinnae с Damped | _ 
day Modibicatian af leaves А 
ylotary may be defined as the arran- Besides their usual function of phot 
wi of leaves on the stem. It is of three thesis leaves тшу be modified to perform. 
a types; tbt functione us well, Some of the impor —— 
| Alternate: Here a single leaf arises tant modifications of leaves are: 

al each node im alternate manner. (D) Tendrá: Im some plants, the entire 








Example: China-rose (Fig. 20.17%). leaf оғ leaflet becomes tendrillar far 
à Opperite: In this case, а pair of leaves the purpose of climbing. Example: 
arises at each node and lie opposite Pea (Fig. 20. 18a). | 
to each other (Fig. еы (23 Spine: ис she 
Cualotrapit. become 
y m pre gli than a par of defence. Example: рым (sce 
such node, Fig. 20.76}. 


of leaves are borne at (3) Scale leaves: lo omion leaves are in 
I whorled, as im Nerium (Fi the form of Йезћу scales. These are 
17е). 
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Fig. 20.17 Leaf arrangement on stem а. Alternate b. (Oppeosile с.  Whaorled 






















VEGETATIVE MORPHOLOGY — ROOT, STEM AND LEAF 


20.30). Жун ромен a qe ü [di di 


Pitcher: In some insectivorous plants glands which secrete à ү. 

such as pitcher plant (Nepenthes), (5) Phyllode: When the petiole t 

the lamina assumes the form of a leaflike, it is termed phil 

pitcher with a lid to trap the insects ple: Australian Acacia ines 
EXERCISES ж 

1. Define root. How can you differentiate a tap root from an adventitious к O 


2 What do you! by modifications of root * Describe some of the modifi E 01 


that u have studied, giving suitable examples. 
e nc таве! 18 pun! in (a) Sweet р 






dified ? De Medi: some of the important modifications. 
g^ -— died, giving suitable examples. 
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CHAPTER >] 


Reproductive Morphology— 
Inflorescence, Flower and Fruit 


Flowers, which develop from floral buds, 
constitute the reproductive organs. A flower 
is a specialized shoot essentially meant for 
sexual reproduction and has evolved as a 
result of progressive specialisation of repro- 
ductive structures, Formation of fruit is also 
characteristic of angiosperms. 


In angiosperms the reproductive phase 
sets in only when the vegetative organs of 
the plant are fully developed. Initiation of 

this phase is controlled by various factors. 







А. RACEMOSE INFLORESCENCE 

In this type of inflorescence the main axis 
is unlimited in growth, branched or unbran- 
ched. It never terminates into a flower and 


bears flowers in acropetal succession. The _ 


main types are: 
(1) Raceme: The main axis, which is 
elongated, bears stalked flowers (Fig 
21.12). Example: Mustard (Brassica), 
Radish (Raphanus), Gold-mohur (De- 
lonix). 
Spike: This is like raceme but the 
flowers are sessile or unstalked. 
(Fig. 21.1b) Example: | 
Chaff-flower (Ach yranthes). 
| Catkin: This is like a spike but 
differs | from latter in having a long 
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(6) 


(7) 


B. 


level (Fig. 21.1е). Example: Lantana, 
Cherry (Prunus cerasus). 

Umbel: This differs from co rymb in 
having a very shortened and suppres 
sed axis. Flowers have stalks of equal 
length and form a cluster. It is 
umbrella like in appearance (Fig. 
21.1f). Example: (Hydrocotyle asia- 
tica), Coriander (Coriandrum), Carrot 
(Daucas carota). 

Head or Capitulum: The main axis 15 
a flatiened, more or less convex struc- 
ture, the receptacle, on which the 
florets (small-flowers) are arranged 
in a centripetal order. The whole 
inflorescence is surrounded by an 
involucre (a whorl of bracts) and 
bears only one or two types of 
flowers: inner disc florets and outer 
ray florets. (Fig. 21.1g). Example: 
Sunflower. 


CYMOSE INFLORESCENCE 


In this type the main axis is always limited 


in 


growth and terminates into a flower. 


They are usually stalked, and borne in a 
basipetal order. The main types are: 


(1) 


(2) . 








Monochasial cyme: Here the main 
axis terminates into a flower and one 
lateral branch axis develops from 
its base which also ends in a flower. 
There are two types of monochasial 
суше: (a) Scorpioid type in which the 
lateral branches of the axis bearing 
à terminal flower alternate (Fig. 
21.22) as in Ranunculus bulbosus, and 
(b) helicoid type in which each lateral 
branch bearing a terminal flower 
develops on the same side forming a 
helix (Fig. 21.2b) as in Heliotropium. 
ichasial cyme: Here two lateral 
branches develop on either side of 
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(3) 


C. SPECIAL TYPES OF INFLORESCENCES 


(1) 


(2) 
















Fig. 21.2 Cymose type of inflorescence 
Scorpioid b. Helicoid c. Dichasial 
d. Polychasial 


Polychasial cyme: Here more tha 
two lateral branches arise from th 
base of the apical flower (Fig. 21.2d 
Example: AK (Calotropis). | 


Hypanthodium: Here the main ax 
forms a cup-shaped receptacle wi 
a small opening at the top. Flowe 
are enclosed within the cup in суп о 
groups (Fig. 21.3a). Example: Fici 
Cyathium: Here the cup-shaped stru 
ture is formed by the involucre. Т 
reduced flowers (without perian 
are placed on a receptacle (Fig. 21.3 
‚There is one central female flow 
represented by a single pistil. This 
surrounded by a large number 


210 


EIS ЛИ ТЕГ 


RACHIS5 


APA 





Fig. 21.5. Symmetry plan of a flower, ғ 


any vertical plane passing through the axis, 





Zygomorphic flowers are those where their or TE e" 

symmetry remains intact when the flower is UAU >= 

cut into two equal halves only through one миа. ЧЇ =. 

particular vertical plane passing through the UON x 
According to the number of floral mem- CORONAS — > 

bers a flower may be trimerous, tetramerous 

or pentamerous as the number is à multiple NOP OME 


of 3, 4 or 5. In monocotyledons, flowers are 





rimerous whereas in dicotyledons they are 
tetra-or pentamerous. A typical flower ls 


i usually tetracyclic because it has all the four 
a речь Flowers may also be polyeyolio if 
m. the number of whorls increases further. 

Е. 

E Thalamus 






The thalamus is the suppressed swollen 
Ме е A VAN. e Aor 
ае borne, In some plants, as in 
passion flower and Gynandropsis, it shows 


nternodi 











the arrangement 
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| ol considerable 


er bud. H mnortance 
classification of plants. Chief types of 
Irvalróor 

aivate: Whe Т г petas im a 


whorl just touch One another at 
maren withoudt ove lappıng | Fig. 21.35 
Example 
P wiltled: 


PETRI 


Wher 
ips thal 


one margin of a sepal or 
of the next one and 
margin if overlapped by 
one, giving a twisted 
Overlapping 
21.85). 


1 ver) 
the гі ther 


the preceding 


appearance [o the body, 
is im one direction only (Fig. 
Example: China-rose. 
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[wo A Hr 2 T hti ! 


keel (Fir.21.8d 


aver! aps 1 


Androecrum 


Androecium is the male sex organ af t 
plant. It is composed of a number of stamet 
Fach stamen consists of a stalk or аль 
anther and connective (Fig.21.9). In em 
anther there are two lobes and each of the 
has two chambers, the pollen-sacs whit 
contain pollen grains. A sterile stamen 
termed staminode. When filaments are vel 
long, stamens protrude out of the fow 
and are called exerted. 
remain within the flower, 
inserted. 


When stamer 
they are calle 


CONNECTIVE 


ANTHER 


ا 
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other members such as petala or gvnaecium, 


the condition is termed adhesion, When they 


are united among themselves, it is called 
cohesión. When stamens are attached to the 
petals, they are epipetalour 
as in brinjal. When all the stamens unite by 
their Hlaments and form one bundle, anthers 
remaining free, it is monmoadelphour (Fig. 
21.125} as im China-rose. Similarly, stamens 
may be dudelphous реа (Fig 21.120) and 
polyadelphous (Fig.21.124) depending on the 
number of bundles which they form, An 


interesting condition exists in the family 
Compositue. Here, only the anthers of the 
stamens are fused, leaving the filaments 
free, which, in turn, are attached to the petals. 
This condition is termed syngenesions (Fig. 
21.126), 


When both the anthers and the 
aments are united, the condition 14 хулап- 
drous as in cucurbim (Fig.21.12f), 








& single carpel, the 

or monocarpellary. — : 
cum may be becarpellary and .polpcar- 
pellary if it i& composed of two and more 





(Fig Zt. 12а}, 
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Fig: 21.14. Position of style 

а. Apical b. Lateral с. Gyoobasic 
carpels, respectively. In a polycarpellar 
pistil, carpel may be [ree  (apocarpeur 
ar wholly or partially united, (synearpous), А 
sterile pistl is known as рое, 


A pasti] consists of three parte: style, 
stigma and ovary (Fig.21.13). The style may 
originate from the apex—apical (Fig.21.14a), 
from sides—lateral (Fig.21,14b) ог from the 
base (gynobasic) of the gynaecium (Fig, 
21.14). It connects ovary with the stigma 
The stigma is usually the tip of the куа 
it also varies in shape. Ovary is the me 
important part of the carpel, It cont 
ovules which develop into seeds after art 
tization. ur 


(iy chambered) as in the Lady's iin ge 
or bhindi. Inside the ovary, the ovulei 
develop from a special issue, called placenta 
The manner in which the placentae | 
distributed in the cavity of the | 
known as placentation, The: існае 6 уре 
of piaentation ше comma ; 


(1) Marginal: This is found in leguminou 
plants. placenta forms af e 
along the ventral suture of the c 
and the ovules are borne on this r 
forming two rows (Fig.21. Sa), 

























Fig 11.17 Types al Emi liiaceni £r 
a. Caryopas bh. Cypsela 0. Nul 


Fleshy or Edible fruits 
Fiesty Fruits usually lema «cult 


а and juicy ewen when Fully matus 
These are of the following үре 


Shr lw 






| sido 


(1) Dru: This ls normally one-seede 
fruit with i pericarp well-dilferen 
tiated into an outer skin-like epicury 
a middle fleshy or fibrous mesocaf 
and an inner stony hard endocan 
(Fig. 21.180) Example: Mungo, Cove 





nut, Peach. 
Fig. 21.14. Са b m Ta | 
a. Legume b. Siliqua | (2) Berry. This term is applied to 
є йолы d. and a Capsule fleshy fruit in which there is no hal 


part except the seedi. Seeds. а 





with the seed сом (Fig. 21.17), embedded in the pulp formed fron 

as in the cereals. the various layers of the fruit we 
sei ia characteristic of і (Fig. 21.190). Example: Brinjal, 
Tomato, Bana | 
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the ciaisibcabon or arrangement of diferen: 
mds of organisms and the relationship 
among! them, also emerged as a distinct 














TIA 


duala are merely скргемиот of ihe валы 
type. The variation вакги in the indiv 
duals are only Imperfect expressio м 
type. Furthermore преса іл 
сопоєрі i^ A fixed entity and remains fa 
un idea which 13 fal 1n keeping il „һе Fl 
of evolution as we know day 


The concep! called nominalisti 


the 


specie: 


indicates that only the individuals hav: 

real existence and that the species а! merely 

conceptual or rather man-made abitacions 
Both 


with no actual existence in mature 
these concepts have now heen abandoned 


The three major systems of classificalion 
proposed by different tys ema- 
tists now well recognised are: (i) artificial 


af organisms 
(i) natural and (ii) phylogenetic, 


THE ARTIFICIAL ay ETHEM GF CLASIFICA TIO 
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| if asf AÑ fi Р f 
the ha | irri! ind ТЕПЕ 
i 1 artificial 


ME HATURAS SYSTEM op СЇ. АЧЕН: ATIS 


Ihi 


gern o! йат!!! 


artifice) one, Y vods the grouping of hetero- | 
genou and unrelated "gati nares 
иал!» and »5nologsts differ im their | 


interpretation tl the iriplications 
eser of classinenon According to zoolo- 
gists 
includes the phylogenetic and 
trends which arc evident in the word ‘natural 

Botanists hold the opinion. that the natural 
умет does nel necessarily include phylo- 
genetic trends af the plants Here. hey 


proposed the ‘phylogenetic system” of dassi- 


ficaiion separate from the ‘naturel узео» | 
to include the evolutionary trends im plante. | 
The ‘naturel system af classification of the | 
plan kingdom was proposed by George 
Bentham (1600-1544) and Joseph Dalton 
Hooker (1817-1911). | 


FTI OOENETIC SYSTEM 

In this &ystem pro: by Adolph Engler 
1844-1930 and Karl А.Е. Ргап and John 
and grouped according to their evolutionary 


lex 
"Em" | 

ы LI 
„ 


unlike the | 


of this | 


the natural system of classification | 
evalutionary | 


natu tall than 
| [qe i EVI h а ecd The 
ви ue few - : * Dr 
AA, I 
ji 


e the f | 
ui ета] out. 


я af rel l і ЩЕ P5 


Advent of New Systematics 


№ hian Huxley 
anui PCr o ne *vstematics" ere 
eu а Al taking imt enc. er 
CAPS NR 0 Сотера. 
ua ш ine characteristics of On) га 
| en Fran the study or ecology онаа 
| gar. physiology, biochemistry uu 
| ; | е Ti Yi- 
E, for systematics. The classification 
| mn and animals on the basis of chromo- 
m rumber has led to the development 
| imaman v. Biochemical characteristics 
„ зз» such as the amino acid content 
Mie nature of protein are taken into 
.BER under the criteria of classification 
c P n hiochenical ЖҮМА. Numerical 
с many utilises the statistical methods in 
1 Beer. Similarly, experimental taxonomy 
t identification of evolutionary units 
"B ipecies by experimentally determining 
Ж rici] inrerrelationship and role of 
= in their formation. 


troduced the Very 


[rs 
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ИГҮ he the tme for = 

lii; =н. Ic - Hi 
дил, throughout h и DM | a 
Therefore, ài present, the Em 
OF plants and animals is done Pa 1 
ыў. Меш known из "Binomial Е 
alii lt was rst imi roduc d 
f. аа. According to this system Ihe ва 

ip ^ plant or animal ig composed of twa 
words in Latin, For example, the scientific 


нате OF the mango plant is Мапа еки ini T 


rsa that the plant belongs to the gene 
Чал ета und to the species indica. Ты 
irst word always denotes the mame of the 
gt and the second ofthe арена ar 
the generalised rule in binomial domen- 
clatore. Usually the name of the author, whe 
first describes the species, is also written ia 
ПШ or in an abbreviated form, after the 
name of the species, eg, Матуй та indica 
Linn. Here Lion refers to the name of the 
author, Linnaeus, For animals the names often 
consist Of three parts indicating the generic, 
specitic and sub-specific categoria followed 
by the author's name, og, Columba Не 
intermedia Siicklaml Soch a system of 
maming is known 33 trzpomial pom "Оа 
There arc two advantages im the we of 
cular plant or animal ін the same scienti- 
names are uniforinly binomial. 
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The hierarchy of categories (the Linnnean 
hierarchy) consists of a descending sequence 
of seven obligatory categories. The 
gories are given on previous page citing mam 
and mango as examples: 
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Taxon and Category 


Taxon (plural: taxa) ia a very usual and 
extensively used term. In systematics, we are 
concerned with the groups of organisms, 
which are concrete objects of biological 
classification, Thus insects, fishes, birds, 
algae, fungi, ferns, mosses, grasses, cic., are 
taxa. For example, the word insects include 
а group of animals, which have some 
characteristics m common 0 that this 
group may be recognised and assigned a 
definite taxonomic category in classification, 
Simularly, fungi include a group of orga- 
nisms, which may be recognised as a formal 
unit, since they have some characteristics in 
common. 


A taxon m" з be T as a unit of 





| aries, pq en 
livision (for plants) 
бан, vides шешу, ‘pate and species. Both 
queje the highest 
category is the phylum and the lowest, ihe 
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Genus: А assemblage 

related species. Obviously, all the species 1f 
genus have more features in common Lh 
in other closely related groups of specie 
Further, it is also implied that all the specia 
under one genus have evolved from | 


common ancestor. 
کے‎ —O ^^ 


Panthera: It is the generic name for tl 
species representing the lion, the leopar 
and the tiger, The lion (Panthera leo), tli 
leopard (Paatherg pardus) and the tig 
(Panthera tigris) have many features 
common and they aro, therefore, include 
in one penus. 

The genus Panthera is differentiated fro 
the related genus Felis which includes 
golden cat (Felis temrninchki) the fis 
cat (Felis viverrina), the leopard cat (Fe 
bengalensis), the marbled cat (Felis me 
rata) und the jungle cat (Felis chans), 
Family; This is a ta nomio cate 
which кашы. one or more rela 

j | oe ari Ir | Iram. other чы 
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CHAPTER ^ 4 


Outline Classification of the Plant 
and Animal Kingdoms 





Ut uu dd chapter, the taxonomy of angiosperms the ‘elements’ are the individual floral parts. 


| iy mainly dealt with. In a floral formula the symbols used for the 
l , individual floral parts are as follows: 
Ж РАІ, FORMULA К.: calyx, C: corolla, P: perianth, А: 
EM ' Wise 90 look 04 ché lt on a inbocatary androeciumrand С: gynaecium, The number - 
Г a | | he | after each symbol denotes the number of. 








dividual members present in a whorl 
| К.С. А. G; means, a flower having 
a calyx of bve-sepals, a corolla of Ре р 


г gynascium. el two а] 
' example, i eie ie el эз 
a eee | of бенен 





















o series. Thus, in e = (onic ion) 
E reina Ay G Gy. 
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232 ARMAY 
by the petals, stamens and carpels. In the 
case of a perianth no differentiation between 
sepals and petals is shown. If the floral 
leaves, are free they show no connections, If 
cohesion occurs, the individual members of 
à whorl are connected with each other. 
Adhesion between members is shown by 
lines joining the dissimilar members. The 
floral diagram also shows whether the flower 
is bracteate (ie, with bract) or ebracteate 
(without bract). 

The parts of the flower facing the mother 
axis аге anterior, those with their backs 
towards И are posterior (facing towards the 
bract). It should be emphasised that for a 
complete description of a flower and for 
correct identification, both floral formula 
and floral diagram are necessary. 


Description of Selected Families of 
oe and Monocotyledons 





Fig 24.1, Allium сера (Lilincene): (A) Plant; (B) 
Inflorescenee; (C) Flower; (D) Pistil; 
(E) Floral diagram. 

more ovules in each chamber, placentation 

axile, rarely parietal, rRUIT: A berry 

or capsule. amps: Albuminous. 


etc. LEAVES; Radical (occurring іп roset- RMULA: Рз ar оз Agua X 
tes), cauline, simple, rarely compound, COMMON PLANTS: Allium "m (Onion), 4. 
alternate, fleshy or dry and leathery often sativum (Garlic); recemosus 
sharply agent «мо _ (Asparagus); Smilax mp prre 

sscence: Mostly racem Los id пике Ow por 


Lilladede (Fig 24. 1) 

HABIT: Perennial herbs with a rhizome or 
bulb, rarely shrubs or trees (e.g., Dracaena, 
Yucca) or climbers (e.g, Smilax) STEM: 
Mostly erect or modified into bulbs (onion), | 
Phylloclade (Ruscus), Cladode (Asparagus) 
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Fig. 24.6. Solanum nigrum (Solanaceae); (A) Por 
tion of a flowering shoot; (B) Flower; 
(C) Flower cut open; (D) Fruit; (E) T.S. 
of ovary; (F) Floral diagram. 
merous, SEPALS: 5, united, imbıicate, persis- 
tent often enlarging in the fruit (e.g., Physalis 
peruviana). PETALS: 5, united, forming a 
rotate or funnel-shaped or bell-shaped corolla, 
rarely bilabiate (e.g., Shizanthus); imbricate 
or plicate (folded). STAMENS: 5, epipetalous, 


inserted within corolla tube or alternating 


with бого. lobes: - anthers 2-celled, with 
gitudina pa my 


outer ray and the inner disc florets as i 


: . fl 
р I m ] Lom paraa rr 
Г] ёл ег n i TOA la Y i F] [Л ЛЕЙ Е] vl i 
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Е li ens); des FIF 


larly known as 
is commonly en in the 
nocturnum (Nig 
plumbugunifolia 
PLANTS: Potato (stem tuber, 
fru pl ] copersicon 
berry); 
fruil used as vegetables ‚ Chillies are also used 
as spice or Col ndiment; Nicotiana tobacur І 
(Tobacco plant)—leaves yield narcotics, 
Агора belladona (Deadly ni ghtshade)—dried 
leaves stems and roots yield ‘belladona tà 
relieve pain, cough and excessive perspira 
tion: Atropine is a drug obtained from thé 
same plant from dried leaves, to dilate the 
pupil of the eye; Datura metal and D, 
stramonium (Jimson weeds)--roots and dried 
leaves used for the treatment of asthma; 
Physalis peruviana (Cape gooseberry }—fruits 
edible (concealed within enlarged sepals). 


Ja smine); icotianas 
| ar ild ет ECONOMI 5 
brinjal (berry 
tomato (Zi esculentum 
Chillies (Capsicum frutesc ens—alsa 
















Compositae (Fig.24.7) 

HABIT: Herbs, shrubs or rarely trees (e.g. 
Senecio), or may be climbers (e.g., Mikania 
scandens); the sap sometimes milky (e.g. 
Eupatorium). STEM: Usually herbaceous, 
егесі or prostrate, solid and hairy. LEAVES; 
Simple, alternate, sometimes opposite о 
whorled, exstipulate, INFLORESCENCE: Capi 
tulum with a few to many flowers or of 1- 
flower, with involucre of bracts. The capi: 
tulum may be homogamous (with simila 
type of Bowers as in Mikania) or hetero 
gamous (with two types of flowers— : 












ower); th receptacle may be of variou 


тйл. ja Ed e 
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\ Chur Demenpongioe: ep Fuspongid 


Api fil i? 


Sallent fentures- 
MN Skeleton № of spongin fibres 
1 Chounócytes are very small, round 


type of Magelinted chambers. 


) Phylm-  Codenterata (Fig 24,10 

Salient features 

I) Racially symmetrical, diploblastic 
Ime aros. 

2) Presence of only one permanen! 
aperture the mouth which ts 
surrounded by the tentacles. 

1) Body is tubular having a wngk 
internal body cavity known as 
coelenteron. 

4) Special stinging cells, nematocisda 
are present in the ectoderm layer. 
These cells are in majority in the 
ee Дан and arc used for 
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ind «the Medusa (represenung 
sexual phase! 

7) Meingenesis occur, р ур stage 
reproduces aser ly to produce 
medusa, The  megusa bear 
reproductive organs These organs 
relent reproductive cells which 
unite and finally give risa 60 polyp 
БЙР 

Phylum Coelenteratn t$ divided into 

two suhphylu-Cnidaria and Acnidaria. 


stiB-PHYLUM CMHIDARLA . 
Salient features— le 
|} Possess pemalocystá or singing 
celis. 
Cnidaria is divided into following | 
classes— 
Class Hydrozoa: eg, Hidra, Obelia 
Salient features— | 
I) Metagenesis is usually distinct 
(except in hydra) | 
1) Coelenteron is undivided. 
Class Scyphozoa: e.g. Aurelia, Pilema 
N Adults exiit only in medusoid 
Clas Actinesoa: eg, Pennatula, 
i} "They esist nl in 
a , pol hem. | 
Э Members are exculs m | 


| Ti il ГА 


Aal «аши! Кети 

Almentury canal im prion dal wath 

Саі mouth and anus 

$ FXeretory atom conuats ola palT 
of lateral canals opening extera 
hy a impit pore 

Бр Seres йге peparale. e.g. Ascari 
(Round worm | 


i Hook «worm 


irr rita 
Drin usi TNT 


¡Guinea warm) 


^ Phylum Annelida (Vip 24.14) 


Send Teatutes 

|l The body в cvlindrical and elong- 
ated. 

1) Body is made up of segments or 
meiameres [both externally and 
internally) 














mum. 
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у Triploblastic and coclomato ani- 
Im is 


& Blood vascular ay: 


tera da su alls 
hismocoel may 


af closed туре 
be present 

К E xecrelron hs ТНА ТТЕ ГТС [у 

ranged mart af соед Er bed 
called перга 

&y Nervous systemi № well recognised 
and in mos Cases represented by 
cerebral gangliü and double ventral 
nerve cord with segmentally аг- 
ranged ganglron 

" Alimentary canal with mouth and 
unus at the opposite ends. 

Hi Reproduction asexual und sexual 
(both Menaoecious and dioecious 
forms are found. 


Class Агына: | eg, Hirudinaria 
(Leech), Glossiphania 


Sallent Teatures— 

1} Body consists of definite and | 
limited number of segments with 
secondary rings (annuli) externally. 

2) Possess suctorial anterior sucker 

_ and a powerful posterior sucker, 

1} Haemocoel present. 

Claw Archiannelida- e.g, Polygordiur, 

Salient Teatures— 

I} Sette are absent. 

21 External segmentation is indistinct 

Clas Polpeharto: eg, Nereis. 

1) Normally the head is distinct with 

tentacles | 





246 BIOLIKTY 
Salient features— 
Г) Body divisible into head, thorax 
and abdomen 


% One or two pairs of wings are 
present on the dorsal side of the 
thorax. 

3) Respiratory organs are in the form 
of trachea. 

4) Three pairs of thoracic legs are 
present. 


5) Abdomen is devoid of appendages, 
6) One pair of antenna. 


4. Class Arachnida: (Fig. 24.17) e.g., Sco- 
rpion, spider. 
l) Head ts without antenna. 
2) Four pairs of legs are present. 
3) Respiratory organs are book-lungs 
or tracheae. 





&. Phylom—Mollusca (Fig 24.18) 
Fig. 24.18. Examples of Mollusca (diagrammatic) : | 







Salient features— (A) Chiton; (B) Unio; (C) Cypraea; (D). 
1) Possess soft and unsegmented их (E) Achatina; (Е) Pila; (G). 


2) Exoskeleton in the form of shell 
is present in majority of there 

3) Tentacles and sense organs - 
present in most of the members 
4) The locomotory organ is in · 
form of сев нае which п 
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4 Риге lateral appendages nu 
present. 


6. Post anal tail usually presen! 


Super-class Agnatha 
]l Noms, 
2. No lateral appendages. 
Class Cyclostomata (Creek, судот, circu- 
аг aroma, mouth) 
|l. Body, rounded, slender and gel-like. 
2. Skin, with mucous gland, no scales 
3. No paired fins but median fins present 
4. Ventral suctotial mouth, single nasal 
5. Six to fourteen pairs of gills 
6. Motocho.d persistent, skeleton fb- 
rogs and cartilagennus 
7T, Fresh water or marine. 
D CU E 


MICA гъ, 


"i 


cartilaginoos, fin with cift- 


E" 1. | | 
ч и ei LTTI 


la ТЕОЛОГ r&y? 


Fr 
Both maimed and unpared fins are 
Both paired Шивы aa =! 
present 
Варне йуп" im mau Are OF ovided with 
claspers 
Fria fo seven par af gp, no Oper 
culum. 
Lateral line system with cutaneous | 


receptors present. 
Ten pairs of cranial nerves 


About 550 species are known; all marine. Ш 

Examples: Scalioden (dog fish), Torpedo 
(electric ray), Khinobatus (guitarfish), Raja 
(common ray), Z»ggena (hammer headed 
shark 


Clau 
+ ichshys, fish) (Fig. 24.22). 


| 
2 


3. 


ÜOsteichthyes (Greek OS, bone 











Body fusiform, toil usually homocerca 
M auth inercia, A E - da 
Sion with сусар 
some without scales 

Skeleton more or lew bony, fins with 
hony rays. 

Both paired and unpaired fins present. 
> Four pairs of gills covered by bony- 
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CHAPTER m 


Collection and Identification of 
Animals and Plar 





Field Observations and Records On the top of the page the name of the los 
should ha first hand lity where the field study is conducted sh 
sei Mm ч ns be written in block betters; ie date is to b 
written on the same line on the right h 
sde: a brief introduction referring o th 
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Bu mm "able to Keep two notebooks 
que lor rough use in the feld and a fair 
| to he kept n: home, All 
le imormabión recorded "as the first note- 
hook should he i рей neatly imb the сопи 
ane which should hie Signed by the teacher. 
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Lullectlion und Viet bady of Preservation 
of Some Animals and Plants — 

^ collection of specimens from the natural 
habitat is the first thing to be done in 
gstemalics, A knowledge of tratematics of 
any group of organisms will remain income 
lete unless one goes to the field and makes 
observations of the habit and habitat af the 
animals and plants concerned. 





OF PRESERVATION 


COLLECTION AND METHUOL à 
ОР ANIMALS 

The methods of collection and preserva- 
tion of animals vary from group to group. 
But in all cases collected specimens should 


fixed, correcily 














"Jl AND IDENTE TATION 


UF ANIMALS A "D PLANTS 


14 the animal] starts creeping Living ifa 
can be easily reared in the aquarium 

Fully relaxed good specimens are needed 
lor detailed study, Pila can be narcotized Бу 
menthol or magnesium pirate or chloral 
hydrate. Any one of these пшти тпр agents 
muy be added gradually in small quantitics 
lO the water in the tray containing the 
animal. Within 24 hrs, the molluse will be 
completely narcotized and fully extended. 

яслолна, the land snail, is found ig crop 
fields, grassland and forests, It may be 
killed by plunging it into a water-filled jar 
und tightly closing the lid. The animal dies 
п а relaxed condition and does not need 
any nürcotizatior. 

Marine molluscs can be collected from 
coral reefs or rocks in shallow water when 
these are exposed at low de. These can 
ulso be narcotized like the Pila. 

The most suitable preservative for all 
molluscs including Pita and Achatina ete 
Is 35/4 ethyl alcohol ог rectified spirit. 
Formalin destroys the molluscan shell grad. 
ually and ls therefore, not a suitable pre- 
HE PIVE, 

Examine à preserved or fresh maollusc and 


1. Shell 
2. Mouth aperture 
3. Eyes 


4. ‘Tentacles, etc. 


Cockroaches (Insecta, Arthropoda) 
These insects are very commonly found in 


houses particularly in Kitchens, stores, lava. 


Sh whatever is available ensem 
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lc AD METIA. OF РЕТИ 
(M PLANTI m ч mE | 
же. жт o ed 
Those who are actively engaged a aan | ЕА | 
mic work can study plant lif in two wra NCC 
(1) by going cut inte the Ве to que йет 
hand imformaton through obwersunon of " 
х . Ми populations in dwene wtuatons ind | f 
locale (2) by studying preserved se ee 
|! faenas їп the herbanum. The seecte: af 
field collection amd preservation п а mer- 
" | barum га to maintain a permanent second aif 
* à weric of specimens and potes whi wll 
Гости maxmum informanog asuur che 
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Human Population— 
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CHAPTER 


Growth and Distribution E 


la sphere is the part of earth's surface 
p of supporting life. It includes 
lo ng three main deno eem s. з 












У ned 
© association of living s s 


nature, €-8- the pu 
x lower layers of the 


entry rocks, clay, minerals ar 
x k с Cons ists of ipt 













an ecosystem, a species exists as 8 ори 
whose grow h and declios declips are affected by 
the capacity of the = lo] pro ovide ide the . 


requirement - of life. 






Man being the dominant s | 
ecosystem with highly developed brain 
has evolved a language, for communicat 
He càn think, plan and make use : of tools to 
create new environmental situation. In this 
process, he modifies natural. Cos ys crm 
considerably os. on his own social 
and economic needs. Agriculture and u 
isalion аге two of the inr. nea 
his ability tà create new ECC ecosystema and 
environments dl the cost ef natural ones, 

serene 

m order to understand the dynamics of 

lation. growth it would be necessary 
to examine the population growth curvos fa 
of other organisms such as yeast, Under ^ 
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CHAPTER ё 


Soil and Climatic Factors 


The human settlement and distribution in 
different parts of the world in the past and 
also in the present has followed the pattern 

f soil fertility and availability of water. 
empera: is also a critical climatic 
factor since it controls precipitation, soil 
farmation and regulates the growth and 

ity of plant and animal | populations in 
any geographical | area. 
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of its fertility, texture, structure, organic 
content and water-air relationship. 


Fertility 
The fertility of soil is measured by its 
ability to support plant life. Plants require 
various substances: water, gases and mineral 
nutrients for their growth and reproduction. 
Oxygen, carbon dioxide and elementary 
nitrogen are provided by the atmos s 
Oxygen is important for rejuvenation and 
healthy growth of root cells and other aerobic 
soil microbes, dt is aho : ATUM for aen 
pon and uptake of E 
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CHAPTER (el 2S 


Natural Resources \ 







BE sers of sn ara ане and In we and availability, natural resources can be 

ources The most classified into three kinds, viz, (1) inexhau- 

es ich is — stible, Le.. those not likely to be exhausted by 
| man's consumption and other uses; these 
dung : are include air, sand and clay; (2) renewables, 
in which are naturally replenished after man's 

consumption ; some Meca aro M | 
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> toe end of 1970. The fossi! fuel reserves 
Hi — about 95 per cent 
coal, 4 per cent он and | per cent ratural gas 





Per сёла Peepers Poeren 


Mana An Ж word a ктм Ihe rate of ver en in the 
ыы 6 per сеш ш comparison wi " its meint 
growth of population of about 2 per cent 
Presentiv, od and gas account for about 65 
ez — as per cent of the world’s energy consumption 
me and tms heure 15 hkelv to mse in the near 
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future. The world's known oi] and natural gas 
reserwes are likely to be depleted by the end 
of thet century while that of coal is likely 
to last much longer but certainly not in- 
icfimitely. Some possible alternatives to the 
споса! postion concerning fossil fuels are 
(a) Rydro-power, (b) wind power and (с) 
mmceear power. 
Тм LE ZA | Unlike fossil fuels which are non-renewable 
| Eke India wil bave to Sed socii almas er COMM SAN, WM RA. зере 
rues. with the rising cost po» ¡amable rubi aid по 
ooking and heating purposes іп rural areas 
| ran Ws Била GE SOR йү | 
paotosymtiesis. Village folk often 
destroy valuabic trees m order to obtain 
firewood. Most Bieewood trees take long 


MINE So bo do wc wege a5 а mcum for penod: of time, so eS several years, to 


In ah Estes Mega sio nid mature. The rate of firewood consumption 
| | ee HAN алшы а 










































tees This ae id practice has led to comi | 
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eating purpose; the dung residue ву 
fective manure. А number of gobar эш 
Janis are NOW 1n USE in some of our village 
Another similar invention of Indi: ges. 


| | і lan scientists 
в the so-called "sun-basket’, In this device, 


фе sun's rays are utilised directly to cook 
meals. The device absorbs solar energy 
stores it and finally, converts it into heat 
mergy required for cooking. 


Renewable resources 


Renewable resources are those which can 
be regenerated naturally or artificially. 
Organic waste products or municipal refuse 
have great potential in conservation of fossil 
fuels and they can be used for production 
of energy and chemicals. Vegetation hiomass 
induding wood is in some respect even better 
than fuel because its sulphur content is 
negligible as compared to that of coal and 
i$ ash can also be used as fertiliser. 





Water: 


_ Water i is perhaps the best example of a 
valuable and indispensable resource. It 

1 Кыш; for all life activities. Water is à 
Tnewable resource though subject to consi- 


suse. Being à 
erable abuse and mi es and various 





_ Considered nearest to Me: water is rain 
_ Mater, But in 
m longer be really pure : 
ајр pollutants which mi 

_ № ground, The bi 
| | chlorides of calcium, sodium 
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for irrigation may have adverse effects on 
Crops. Soil salinity is particularly serious 
in semi-arid regions where the dry air favours 
a high rate of evaporation, thus leading to 
deposition of salts. In general, salt concentr- 
ation of about 75-3500 mgilitré in water 13 
considered safe for use as irrigation water. 

Most parts of India except the semi-arid 
and arid zones of Rajasthan receive an 
average annual rainfall of about 110 cm 
which generates about 2.75 million cubic 
km of water per year. About 0.6 million 
cubic km of water seeps into the soil thus 
adding to the ground water storage. India 
has considerable resources of ground water 
amountng to about 27 million cubic km 
which is about 10 times the amount of water 
produced annually in India through rainfall. 
At present about 45 million hectares of land 
are irrigated. This is likely to increase with 
the availability of more water for irrigation. 

The average daily water requirement per 
person has increased progressively during 
the progress of human civilisation and in 
modern technological societies about 350- 
700 litres of water may be used per person 
per day. This includes uses such as drinking, 
bathing and washing. 

Freshwater rivers, lakes and ponds are a 
harvested and eaten as nutritious food. The 
total freshwater fish production in India in 
1951 was 218 thousand tons and increased to 
666 thousand tons in 1972, The Government 
is taking various steps to encourage fisheries. 
and the above figure 1s expected to rise still 
further in the near future. 


More hoa two-thirds of the earth < 
is occupied by oceans. In view ofthe е depleting 


L- exploration pen qui АЫ Oceanic 


issu Aii which have le mained un- 
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Forest constitutes the best habitat for 
wild life and conservation of forest and wild 
life are inter-related. The Vindhya range 
forests in the Varanasi division, once an 
ideal habitat for game animals including 
lions, no longer harbour any tiger or lion. 

Serious diseases of forest trees are caused 
by parasitic fungi such as rusts, smuts and 
mildews, viruses and insects. Insect-mediated 
control of a wild plant species is well ilustra- 
ted by the insect "bug" feeding on the weed 
Lantana. This bug devours Lantana so fast 
that it may be used to control Lantana, This 
is an sample of biological control in which 
gical agent is used to check undesirable 





species. Some work is also being done 
to j| breed forest trees showing resistance to 
fungal, viral, and animal diseases. 

The trunks of forest trees constitute the 
main source of timber. Lumbermen take 
away the stem logs but leave behind the 
stumps, leaves, barks and twigs as debris. 





Additional wastape of forest produce occurs 
Rv п име Ter logs are cut 









tamed. Large number of wildlife species face 
extinction. If the current pattern of land use 
continues and if sound conservation measures 
are not practised, a substantial part of its 
biological heritage and genetic resources 
will be lost. 

Most wild animals and plants inhabit 
forest areas. Any change in the forest environ- 
ment in terms of food supply and other 
details would have a corresponding effect 
on their population. Deforestation leads to 
destruction of wild life. 

A few examples of the effects of deforest- 
ation on wild animals are described below. 
The damage caused to north American 
forests by the early European settlers was 
responsible for the extinction of the passenger 
pigeon, a species which could not survive 
=. disappearance of its fores: abode. 

The pinkheaded duck which used to live 
in gr swampy jungles of India is now no 
longer encountered, possibly because of 


changes in the drainage pattern of these 
swamps. Another threatened species is pret 


Indian bustard which once used to : in 
abundance in Rajasthan desert, but i is now 
reported to be only a few individua 

on the verge of extinction as a quas of 
indisc iminate hunting, poaching and en 
causes, Pitcher plant and orchids reckl 
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y natural reserves. It is ho 


paca enforcement of the conce 
gguificantly check the sh arply быш 
sealife populations and also preserve s "B 
of our present ecosystems. эша 
Appreciating the desirability of Wild life 
conservation, the Indian government acted 
the Wildlife Protection Act in 1972. Despite 
he existence of this Act poaching (killing 
of game animals) is stil a big national 
problem. There are a large number of rural 
poachers active in the tarai belt of the 
Himalayas. These poachers shoot deer, wild 
boar, tiger, leopard and a variety of game 
rds. Ihe meat of herbivore animals and 
he hides of the leopard and the tiger are 
sold im the market. Expensive purses and 
belts are made out of the skin of alligators 
and the snow-leopard. Some products derived 
ftom the musk-deer and bear also fetch a 
lot of money for these poachers. Efforts are 
Mw being intensified to curb the activities 
ы ae with 4 a view to saving our wild- 
t resources from further destruction and 


Ped that effective 
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Man has EEE ERE to engage in 


кава erar economic exploitation of 
ces without any serious 


жый ш р 


lation. The need of the hour is to evolve 
methods of pollution control, conservation 
OÍ energy, conservation af watcr, soil and 
metallic minerals, and at the same time 
Increasing the carrying capacity of the earth 
With reference to man. Man has just started 
lo realise the dimensions of the resources 
problem and environmental pollution; he 
has to act now to minimise the indiscriminate 
use and abuse of his environment, to control 
his population size to manageable limits, and 
to evolve strategies for best possible use of 
land and sea resources on a short and long 
term basis. The successful accomplishment 
of above goals would need a global effort, 
a global approach, a global legislation and a 
global organisation. 


Relationship between Conservation and 

Development generally means economic 
growth and advancement related to mass 
production of various commodities and 
consumer goods. The emphasis is always on 
increasing the production of commercial 
produce, sometimes at the risk of polluting 
the environment, For example, agriculturists 
are always interested in bringing more and 

more of forest areas under pasture for agri- 

culture and for herding larger and larger 

number of meat or milk yielding livestock. 
It is this kind of development-oriented + 
progress that has | canei n 
instability and Ä me 
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Fig. 29,5 Physicochemical and biological effscts of organic effluent on a river, Horizontal axis 


indicates distance down stream and vertical axis shows outfall. 
nt of Waste Water of the organic matter and the algae generate 
tary oxygen for bacterial growth and multi- 
е The sevage базису im ўя MUS plication. The water is then chlorinated to 
cleaned to some extent ey kill the disease producing germs. 
ro waterwa ys. The primary and secondary | P : B = 
nts arc esce more mg иы | 
$ {то > water. Primary treat- ` da ж of Water ' 
ment employs [ | processes such as Various kinds of pollutants and wastes 
screening, shr ring, sedimentation and can be effectively recycled and this consti- 
fótation. a i in the settlement: and tures one of the best means of prevention 
ridic: "teh 108 d particulates and control of pollution. The recycling of 
е "lo card кз: " agricultura and agro-industiial wastes is 
articularly important because. of the wide 
| ami у Aci base 9. | material "available. 
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certain circumstances. А variety of solid 
wastes such as garbage, trash, ashes, sludge, 
building materials and rubble, empty bottles 
or cans, etc., are dumped on land and cause 
considerable nuisance. Such solid wastes 
are sometimes called the 'third pollution' 
and constitute a serious problem in 
affluent countries where there is a widespread 
'throw-away' psychology; many commodities 
such as milk, beer, juices and other products 
are packaged in disposable containers which 


landfill where untreated waste is buried in 
layers and covered with earth. Such a land- 
fill represents a kind of recycling as the buried 
material can be later utilised in various ways. 

Pollution Cai by Radioactivity and 








{5 and radioactive substances in 
culture, industry and medicine create 
blem of pollution and environmental 
conos. Certain radiations, e.g., the electro- 
nagnefic waves used in photosynthesis and 
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in photomorphogenetic processes of plants 
and animals are biologically useful for 
normal functioning of species, communities, 
ecosystems and biosphere. Certain living 
organisms can withstand adverse environ- 
mental conditions, for example bacterium 
called Micrococcus radiodurans can tolerate 
such high doses of harmful ultraviolet (U V) 
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use of diverse variety of 


Others such as mercury, lead, arsenic and 
chlorinated hydrocarbons are toxic to one 
or the other componenl of the biolop'cal 
food chain. Such chemicals occurring in 
soil. air or water are deleterious both to man 
and the ecosystems, 


Harmful Radiations 

There are two kinds of harmful radiations: 
(1) non-ionising, represented by UY light 
and (2) ionising, including X-rays, y-rays 
and particles, Damage fiom non-ionising 
radiation results from absorption of the 
incident radiation by the cellular components 
leading to formation of toxic photoproducts. 
In contrast, ionising radiation damages 
living cells mainly by physically breaking the 
macro-molecules through the process of 
ionisation. The biological effect of non- 
ionising radiation is mediated by cellular 
components which absorb them: that of 
ionising radiation is not medated by 
molecules specifically involved in their 
absorption, Consequently, the biological 
effects of non-onising radiation are more 
specific whereas those of ionising radiation 
are more general, 

Se visible light forms a small fraction 
of electromagnetic radiati Ein 
29:6). ае се spectrum (Fig. 

Мо perceptible to the 
human eye extends from about 400 nm. in 
the giolet to about 700 nm in the red part. 
ión eem Pants аргу blue viole 
680 nm m ui. сте пати About don: 

peer. MI y utilize these in their 
photosynthesis. Between about 





